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Upon completion of analytical experiments, every research chemist, 
whether he uses a “test tube” or a “MpOOUPKA,” must calculate his 
findings in the international language of figures in two forms (weights 
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equivatents), and then compare experimental data with theorctical 
values. 

Technicians and statisticians working with the results of hydro- 
chemical analyses performed at different times by different laboratories 
inevitably face the problem of converting their figures to one system. 

All such calculations are considerably simplified by the use of the 
tables and nomograms in this book, originally published by the State 
Scientific and Technical Press for Literature on Geology and the 
Conservation of Mineral Resources, Moscow. 

All the tables and nomograms are based on analytical results 
expressed in the form widely used in hydrogeological practice—milli- 
grams per liter (weight form) and milligram-cquivalents per liter 
(equivalent form). For calculation of percent-equivalents, the sum of 
cation equivalents and the sum of anion equivalents are taken as 100% 
cach. Several new tables are presented for the first time, and the many 
tables for converting water-analysis results from one form to another 
make it possible to find the milligram-cquivalents for any practically- 
possible content of a component in water, accurate to the second 
decimal place, and the weight content of substances to tenths of a 
milligram. 
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SOME CHARACTERISTICS OF THE GAS-LIQUID 
CHROMATOGRAPHY OF Cy~ Cyg PARAFFINS 
AND AROMATIC HYDROCARBONS 


Vv. G. Berezkin and L. S. Polak 


(Presented by Aca¢emician A, V. Topchiev, March 29, 1961) 
Institute of Petrochemical Synthesis, Academy of Sciences, USSR 
Translated frorm Doklady Akademi Nauk SSSR, Vol, 140, No, 1, 
pp. 115-117, September, 1961 

Original article submitted March 29, 1961 


At the present time gas chromatography has become the principal method for the analysis of volatile ma- 
terials, in which connection the methods of gas-liquid chromatography are used predominantly for the analysis of 
complex hydrocarbon mixtures. Gas-liquid chromatography satisfies the main requirements of the analytical meth- 
od: a good reproducibility of the qualitative characterization of the analyzed compound (time of retention), a high 
separative ability, a high sensitivity (especially when fonization meters are used), and a high flexibility of the meth- 
od, making it possible by proper selection of the selective stationary liquid phase to change the separative ability of 
the column in the desired direction, 


A promising direction in gas chromatography is the development of modified methods for the purpose of ob- 
taining solid sorbents with a reproducible and uniform surface (1, 2}. In our opinion, to solve this problem it {s im- 
practical to direct the treatment of the surface toward the conversion of the individual active surface groups into 
previously assigned groups. Instead, a more promising approach {s to form a compact coating on the surface using 


a thin layer of a solid polymer (for example, by radiation polymerization) 
or to create special polymeric sorbents. By varying the type of polymer it 
obviously becomes possible to vary the chemical nature of the surface and, 
consequently, also the separative capacity of the sorbent within wide Limits, 


In gas-liquid chromatography a proper selection of the stationary liquid 
). phase possesses decisive importance. The use of variovs high-molecular 
2 silicone oils for analyzing various classes of high-boiling organic compounds 
; is described in the literature (3}, However, 3s a rule, in chromatographic 
Wecsardl studies only the brand name of the oil fs given, with no indications as to its 
“structure or composition, A method of analyzing hydrocarbons us 
the domestic methylphenyipolysiloxane oil [4] is described in 
gtaphic apparatus: 1) katharo- 
meter; 2) mechanism fee fa- 
troducing sample; 3) chromato- A schematic diagram of the chromatographic apparatus used in the study 
graphic column; 4) converter; {is shown in Fig. 1. The column and katharometer are thermostatted at dif- 
5) recording mechanism; 6)and ferent temperatures; the column {s thermostatted at an elevated temperature, 
7) thermostats. while the katharometer is thermostatted at 30°, To increase the sensitivity of 
the apparatus the analyzed hydrocarbon prior to the katharometer was subjected 
to conversion, and a direct measuring of the analyzed compounds was made 
on the basis of the hydrogen content (5}, The use of a chromatograph with a conversion of the analyzed compounds 
simplifies the construction of the apparatus and the treatment of the results, and it also increases the sensitivity of 


the apparatus. The sensitivity of the apparatus, according to Porter, was about 6000 mv + ml/mg, The determina- 
tion accuracy was25 relative %, 


To calculate the composition of the analyzed mixture we used the equation: 


S,/n, 
+100 (moan. %), 


San, 


i= 


where Sz is the area of the chromatographic peak, and ng is the correction factor, equal to the number of hydrogen 
atoms in the molecule, 


Relative Retention Time of Cy~Cg Hydrocarbons on PPhMS-4 at 140° 


Relative Relative 
Compound retention Compound retention 
time time 


Dodecane 1,00 2,2,4-Trimethy heptane 0,980 
3-Methylundccane 0.850 3-EthyIheptane 0,880 
4-Methylundecane 0.795 2,4,6-Trimethy heptane 0.830 
*6-Methylundecane 0.795 | 3-Methyloctane 0.830 
2,3 -Dimethyldecane 0.770 4-Methyloctane 0.825 
5 -Propylnonane 0.670 2-Methyloctane 0,810 
2,4,4-Trimethyl-5-ethyl- 0.600 Octane 0.595 
heptane 
Undecane 0.585 2,2,4,4-Tetramethylpentane 0.550 
Decane 0.345 3-Methylheptane 0.510 
Nonane 0,200 2-Methylheptane 0,480 
Nonane 1.00 Benzene 0.470 
Mesitylene 2.40 2,2,4-Trimethylpentane 0,370 
Propylbenzene 2.20 Cyclohexane 0.370 
Cumene 1,85 Heptane 0.365 
2,2,4,4,5-Pentamethy lhexane 1,80 3-Ethylpentane 0.360 
Decane 1,80 3-Methylhexane 0.305 
o-Xylene 1,70 2-Methythexane 0.285 
m-Xylene . 1,40 Hexane 0.200 
p-Xylene 1,40 


The column had a length of 5 m and an internal diameter of 6 mm, The diatomaceous brick fraction with a particle 
size of 0.2-0.3 mm was impregnated with silicone oil PPhMS-4 in a weight ratio of 100 : 15, The efficiency of the 
chromatographic column was about 3000 theoretical plates (based on undecane at 140°), 


The results of investigating the separation of hydrocarbors at 140° on PPhMS-4 are given inthe table. The 
reproducibility is a 4 3%, The relative times of retention were determined for 35 hydrocarbons, chiefly for alkanes, 
The relationship between the logarithm of the retained volume (a) and the boiling points of the corresponding com- 
pounds {is shown in Fig, 2. With the same boiling point, the aromatic compounds (Curve 2) are characterized by 
much greater retention times than the alkanes (Curve 1), Thus, for example, the retention time of cumene fs 1.86 
times greater than the retention time of nonane, whereas the boiling points of these compounds are very close (b.p. 
of nonane = 150,8°, and that of cumene = 152.4°), This result is completely in order, since it is to be expected that 
the chromatographed aromatic compounds will exhibit specific reaction with the phenyl groups of the silicone ofl. 


In connection with this it {s expedient to use the methylphenylpolysiloxane oil for separating the alkanes and 
the aromatics in the fractions previously obtained on the column using a nonpolar stationary liquid phase. It should 
be mentioned that aromatic compounds are separated much more efficiently on PPhMS-4 silicon than on DC silicone 
(6}, while the alkanes and aromatic hydrocarbons are separated much more efficiently on PPhMS-4 silicone than oa 
E-301 silicone (7} 


- 
a=1 
872 


To study the dependence on the temperature, we measured the relative retention times of several alkanes 
at a column temperature of 90°, 


In Fig, 3 the relative retention times (with respect to n-nonane) of the hydrocarbons, mcasured at ty = 140°, 
are plotted as a function of the relative retention times of these compounds at t, = 90°, As follows from Fig. 3, the 
relative retention times, obtained on the same column at two different tem- 
peratures, are related to each other by the linear relationship: 


a (t;) = Ka (tz) +B, 


where K and 8 are certain constants, 


A proper choice of the experimental temperature bears paramount im- 
portance for separating a definite group of hydrocarbons, and also for deter- 
mining the cptimum analysis time, However, to obtain the retention ume 

0 7) TT of the analyzed compounds at several temperatures requires running a large 

Bolling point —> number of experiments and is not always possible because of a lack co the 
necessary compounds, The use of the above indicated equation makes it 

possible to calculate from the known relative retention times for one tem- 

din 2) perature the relative retention times for any other temperature under the 
condition of running a limited number of experiments to determine the con- 
f ; stants K and 6 of the equation, A linear relationship for the relative reten- 
tion times also holds for other stationary liquid phases and other classes of 
compounds, For example, the relationship of the relative retention times of aromatic compounds when using n- 
decyl phthalate (6) as the stationary liquid phase {s plotted in Fig. 4 in the coordinates (a —1), 


> 


Qs 
a-I(t —— 


as w 

Fig. 3. Relationship of relative reten- Fig. 4. Relationship of relative reten- 
tion times of alkanes for two temper- tion times of aromatic hydrocarbons 
atures on PPhMS-4 silicone oil, Al- on n-decyl phthalate [6] in the co- 
kanes (in order of increasing a): 2- ordinates (a—1), Hydrocarbons (in 
methythexane, 3-methylhexane, order of increasing a): toluene, 
heptane, 2-methylheptane, 3-methyl- ethy benzene, m-xylene, o-xylene, 
heptane, octane, 2-methyloctane, 3- cumene, m-ethyltoluene, mesitylene, 
methyloctane, nonane, o-cthyltoluene, 


We will mention that from the main equation log ay = log = +log y4 (Ps and Py are respectively the 


saturated vapor pressure of the standard and of the given compound at the experimental temperature, and y, is the 
-relative activity coefficient) and the Trouton rule, AH = KTp,p,» it becomes possible by simple transformations to 
derive the equation of form log a = KATp.p, YT + gor log ay = A+ Th,p, +B. 
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AMMONOLYSIS OF 1,1-DI-(CHLOROPHENYL)-ETHANE 


V. L. Vaiser, V. D, Ryabov, and I, S, Panidi 


(Presented by Academician A, V. Topchiev, January 20, 1961) 

1, M, Gubkin Institute of the Petrochemical and Gas Industry 
Translated from Doklady Akademii Nauk, SSSR, Vol, 140, No, 1, 
pp. 118-121, September, 1961 

Original article submitted January 19, 1961 


Replacement of halogen, linked to the aromatic ring, by the amino group was first accomplished by Ullmann 
{1}. The indicated author obtained aniline by the ammonolysis of chlorobenzene {n the presence of finely divided 
copper metal, Subsequently a nwnber of patents appeared on the preparation of aniline from chlorobenzene by the 
ammonolysis of chlorobenzene with concentrated aqueous ammonia solution in the presence of copper salts, N,N, 
Vorozhtsov and coworkers [2] made a detailed study of the emmenolysis of chlorobenzene using aqueous ammonia 
solution; 2s a result of this study reaction conditions were found where the yicld of aniline reached 907% of the 
theoretical, L, N, Nikolenko and K. K. Babievskif [3] studied the ammonolysis of p-chlorodecy benzene with 30% 
aqueous ammonfa solution at 250°, Under these conditions the authors obtained p-dodecylaniline in 80.2% of the 
theoretical yield, 


The ammonolysis of bicyclic aromatic dihalo derivatives, where the halogen atoms are found in different 
benzene rings, is not described in the literature, although it represents substantial interest as a new way of obtaining 
aromatic diamines, 


The well known method, described In the literature, for obtaining such compounds consists of three steps: 


1, Synthesis of 1,1-diphenylalkancs 


by the condensation of benzene with aldehydes (dihaloalkanes, acetylene). 
2, Nitration of the diphenylalkan2s to yield the dinitrodipheaylalkancs 


3, Reduction of the dinitrodiphenylalkanes 


The synthesis of 1,1-di-(aminophenyl)-ethane by this procedure is described in [4} 


In this paper we propose a new way of obtaining this diamine, consisting in the ammonolysis of the aromatic 
bicyclic dihalo derivative, 1,1-di-(chloropheny]l)-ethane, We investigated the effect of various factors on the yield 
and composition of the ammonolysis products and ascertained the optimum conditions for the preparation of 1,1-di- 
(am{nophenyl)-ethane, The reaction was run in a rotated 250 ml autoclave, heated in an electric furnace, The 
temperature inside the autoclave was regulated by means of a laboratory automatic transformer and was measured 
using a chromel-alumel thermocouple, The rotation rate of the autoclave was maintained constant in all of the 
experiments, The 1,1-di-(chlorophenyl)-ethane taken for the reaction was obtained by the condensation of chloro- 
benzene with acetylene and had the following constants: b.p. 173-174°/8 mm Hg: ny 1.5914; dy’ 1.2117; MR 70,057, 
calculated 69,387, The constants given in the literature for this product are [5]: np 1.5318; dq’ 1.0943. 


i 


Results of the Ammonolysis® of 1,1-Di-(chloropheny])-ethane 


Dichlorodi- Yield of diamine 
Expt. phenylethane mene Temp fraction 


8 |g-mole g-mole 


10 | 0.04 0,33 |240 
10 | 0.04 0.10 
10 | 0.04 0.10  |260 
20 | 0.08 0.10 
10 | 0,04 0.10  |250 
10 0,04 0.10 
10 | 0.04 0.10 |240 
10 | 0.04 0.10 
10 | 0,04 0.10 | 250 
0 20 | 0.08 0.05 
1 20 | 0.08 0.15  |250 


11.2 
5.1 
3.4 
44 
4.0 
541 

11.4 


* Ammonia concentration: Expt. No. 1 -, 30%; in all of the other experiments -33%, The amount 
in all of the experiments was 170-180 mL, ; 
** Yield in % of theory, based on the 1,1-di-(chloropheny!)-ethane taken for reaction, 


A mixture of 1,1-di-(chlorophenyl)-ethane, ax, .-1s ammonia solution and catalyst (CuCl or Cu,0) was charged 
into the autoclave. The autoclave was heated to 220-%50°, The reaction time was taken from the time the desired 
temperature was reached, Depending on the temperature and the ammonia concentration, the pressure in the auto- 
clave ranged from 75 to 160 atm, 


At the end of reaction the autoclave contents were treated with ether, after which the ether solution was washed 
with water, dried over sodium sulfate, and then fractionally distilled, The reaction products were distilled from a 
Claisen flask under reduced pressure, in which situation two fractions were obtained: a small amount of fraction up 
to 206°/2 mm Hg, the diamine fraction with b.p. 206-211°/2 mm Hg, and a small amount (0,5-1 g) of residue in 
the distillation flask. The first experiments were run at 224-240° in the presence of cup’ous chloride and using 24% 
ammonia solution, with the reaction time being varied from 2 to 6 hr. However, in all of these experiments the 
starting product was recovered unchanged. A higher ammonia concentration (30-34%) was used in subsequent experi- 
ments, which led to a substantial increase in the ammonolysis rate. The experimental results, given in Table 1, 
make it possible to derive a number of conclusions relative to the effect of temperature, amount of catalyst, ard 
reaction time on the atnmonolysis rate. 


As is shown in Fig. 1, the ammonolysis rate {s strongly dependent on the temperature, reaching a maximum 
value at 250°, However, the formation of a small amount of low-boiling substances was observed even at this tem- 
perature, indicating a partiai decompocition of the reaction products, for which reason it {s not practical to run the 
reaction at temperatures exceeding 260°, 


At lower temperatures (220-230°), together with a decrease in the yleld of the diamine, a substantial amount 
of tarry products was formed, which remained as a residue in the distillation flask, These tars exhibited basic proper- 
ties and were apparently polycondensation products, 


The dependence of the yield of the diamine on the reaction time is shown in Fig, 2. The yield of the diamine 
Increases from 47.5 to 60% when the reaction time is increased from 3 to 6 hr. A further increase in the reaction 
time {s practically without effect on the yield, A study of the effect of the amount of catalyst on the ammonolysis 
rate was made using cuprous oxide. Since according to the literature (2) the optimum amount of catalyst in the 
ammonolysis of monohalo derivatives is 0.2 mole per mole of halo derivative, in our experiments we doubled this 
amount, Much better results were obtained when we used 0,8-0.9 mole of catalyst per mole of dichloride (Fig. 3). 
A further increase in the molar ratio catalyst: dichloride was practically without effect on the yfeld of the diamine, 


| | 
3,0 35.5 
1,7 20.1 
66.7 
€9.0 
: 40.3 
§2.2 
47.5 
60 
57 
68 


The djaminodiphenylethane fraction was a clear, pale yellow solid, readily soluble in organic solvents and in 
mineral acids. 


The analysis results obtained for the diamine permit identifying it as 1,1-di-(aminopheny])-ethane, 
Mol. wt. (Beckmann): found 208. CygHyN,. Calculated 212, 


Active hydrogen was determined by the Chugaev~Tserevitinov method, using anisole as the solvent: found H 
1.86%; calculated 1.88 %, 


Found %; C 79,13, 79.33; H 7.61, 7.61; N 13.10, 13,33, 
Calculated %: C 79.27; H 7.54; N 13.20. 


Preparation of hydrochloride, The diamine fraction was dissolved in dilute hydrochloric acid, after which the 
solution was boiled with activated carbon, filtered, and the filtrate was neutralized with ammonia, The diamine was 
extracted with ether. Tuc passage of pure dry hydrogen chloride through an ether solution of the diamine gave the 
hydrochloride of the diamine as a precipitate, which was dissolved in water, and this solution was again boiled with 
activated carbon, fiitered, and the filtrate was evaporated to give the hydrochloride as crystals with m.p, 210°, The 
Literature melting point for the hydrochloride of 1,1-di-(4-aminophenyl)-ethane {s 209° (6} 


% 
| 
3 qe ass 
Moles of 
“A: Moles of dichloride 


Fig. 1. Effect of temperature on Fig. 2. Effect of reaction time on Fig. 3. Effect of amount of 
yleld of 1,1-di-(aminophenyl)- yleld of 1,1-di-(aminophenyl)- catalyst on yield of 1,1-di- 
ethane, ethane. (am{nophenyl)-ethane, 


The hydrochloric acid solution of the diamine was diazotized [7], The diazonium salt was coupled with B- 
naphthol to give an orange dye. Attempts to obtain the corresponding diphenol — 1,1-di-(hydroxypheny])-ethane — 
by the decomposition of the diazonium salt proved unsuccessful, It should be mentioned that despite careful purifica- 
tion of the 1,1-bis-(aminozheny!)-ethane, repeated attempts to convert the compound from a glassy to a crystal- 
line state proved unsuccessful. This is apparently explained by the fact that the diamine obtained by us, the same 
as the starting dichloride [5] is a difficultly separable mixture of the p,p’- and v,p’-isomers, It is quite probable 
that the 0,p"-{somer, having a sharply defined unsymmetrical structure and exhibiting a tendency to remain in the 
glassy state, prevents crystallization of the p,p’-isomer. ‘he tendency of compounds, having an unsymmetrical 
structure, to remain in the glassy state is reported in [8], It was shown by the authors of this paper that 4-an:ino-4°- 
n{jtro-2,2°-dihalobiphenyls cannot be made to crystallize, although careful purification and the analysis results 
served as convincing evidence that they were dealing with very pure products. 
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THE POLYCONDENSATION OF ACETONE AND OTHER 
CARBONYL-CONTAINING COMPOUNDS 


V. A. Kargin, V. A. Kabanov, V. P. Zubov, 


I, M. Papisov, and 1, Kurochkina 


Translated from Doklady Akademif Nauk, SSSR, Vol. 140, No, 1, 
pp. 122-124, September, 1961 
Original article submitted May 4, 1961 


In previous papers we had shown that an orderly arrangement of the monomer molecules in the reaction system 
leads to the emergence of a munber of important properties, which become manifest in polymerization processes. 
The first to be included among such properties are the very high, frequently explosive polymerization rates of solid 
polyiners at very low temperatures (1-5}. Rapid polymerization processes are possible under certain conditions, 
where an orderly arrangement of small molecules {s coupled with their somewhat coordinated mobility (for example, 
at the moment of accomplishing a phase transition in the frozen monomer [4]. An ordering of the monomer mole- 
cules in the initial system also makes ft possible to accomplish the polymerization of a number of substances, for 
which a transition into the polymeric state under conventional conditions proves to be impossible for thermodynamic 
reasons (6, 7}, In some cases, by resorting to complex-formation between the monomer molecules, the polymeric . 
radicals and the molecules of a third substance, introduced as an additive into the reaction system, it becomes possible 
to regulate the structure of the polymeric chains formed during the polymerization process (8} 


In view of the mentioned results, it was natural to assume that an orderly arrangement of the monomer mole- 
cules in the reaction system should also exert an important effect in polycondensation processes. The recently pub- 
lished data of Skuratov and coworkers [9] tend to indicate this, 


Attempts to synthesis polyvinylenes from carbonyl-containing monciners employing aldoi-crotonic polycon- 
densation methods are known [10], which up to now have led to obtaining only easily oxidized low-molecular prod- 
ucts, 


We were able to obtain very stable high-molecular polyvinyleves from ketones and aldehydes (acetone, 1,1°,1°- 
trifluoroacetone, acetophenone, acetaldehyde, etc.) by the polycondensation of these substances in the presence of 
comparatively large ainounts of dehydration catalysts, capable of forming complexes with the molecules of the 
monomers (ZnCh,, BeChk, TiCl, etc.). An ordering of the monomer molecules in these complexes makes it possible 
for profound polycondensation processes to take place. The polycondensation procedure was to heat the mixture of- 
reactants in sealed glass ampuls of in an autoclave in the absence of atmospheric oxygen at temperatures of 70 to 
250°, In general form the polycondensation reaction can be written as the equation: 


Here polyacetylene is formed from acetaldehyde, poly(methylacetylene) fiom acetone, poly(phenylacetylene) from 
acetophenone, etc. 


The obtained polymers represent dark brown or vlack powders, possessing a high heat stability inherent to high- 
molecular polyconjugated systems, they exhibit semiconductivity, ard they give characteristic electron-paramag- 
netic resonance spectra [11], At low degrees of polycondensation the formed polymers are soluble in organic solvents 
(acetone, benzene). At high degrees of polycondensation the solubility is lost completely, The degree of polycon- 
densation and the yield of solid polymers increases with increase in the amount of catalyst, temperature, and reac- 
tion time, This is illustrated by the data given in the table, 
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Molzg ratio: | Pelycondensation Characteristics Yield in % on 
monomer | conditions © of product 


taken monomer 


0.24 180°, 8 hr. Hard, powdery 
0.33 Likewise Likew 

0.49 

Acetaldehyde 0.05 40°, 5 hr, then ale 
70°, 15 hr 
6.065 Likewise 
0.1 ee 

Acetophenone 0.18 3 hr at 170°, then | Hard tar, softening 
15 hr at 200° point 100° 

0.27 Likewise Hard, powdery 
0.36 Likewise 


& $ By 


Transmittance 


t 1 1 
Infrared spectrum of polycondersate of acetone, For comparison 


the infrared spectrum of polyacetonitrile {s shown by the dotted 
line, 


The proposed structure of the polyvinylenes is in harmony with the infrared spectroscopy data, The infrared 
_ spectrum of poly(methylacetylene), obtained by the polycondensation of acetone in the presence of ZnCh, is shown 
in the figure. This spectrum has much in common with the spectrum of the polyacetonitrile obtained by us, which 
has a structure close to that of poly(methylacetylene) (7): 


a) Poly(methylacetylene) b) Polyacetonitrile 


The broad intense band in the 1593 cm=! region belongs to the absorption of the system of conjugated C = C 
bonds. The absorption bands in the 1352 and 1380 cm“! regions can be regarded as belonging to the symmetric de- 


Monomer 
3 
10 
14.5 
46 
30.2 
40.5 
45 
52 
40.5 
60 
| 
. 
; 
oa 
’ 
} 
30 
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formation vibrations of the CHy group. In all probability the absorption band at 960 cm“! belongs to the nonplanar 
deformation vibrations of the C—H in the principal chain, In subsequent publications the infrared spectra of various 
polyvinylenes will be analyzed in greater detail. 


As a result, a price ordering of the monomer molecules in their complexes with coordinately unsaturated metal 
halides, at the same time fulfilling the role of dehydration catalysts, makes it possible to effect a deep polyconden- 
sation of carbonyl-containing compounds and obtain various heat stable polyvinylenes of quite high molecular weight. 
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EXTRACTION OF THE COLORED COMPLEXES OF REAGENTS 
OF THE ARSENAZO — THORON GROUP 


Vv. I. Kuznetsov and S. B. Savvin 
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The earlier proposed organic reagents—arsenazo and thoron (1]—have found universal acceptance for the photo- 
metric determination of uranium, thorium, plutonium, aluminum, the rare earths, and a nunber of other elements. 
The latter described reagents arscnazo II, thoron II (2), and especially arsenazo Ill (3), have also proved to be valuable. 
All of these reagents are readily soluble in water and practically insoluble in organic solvents. For this reason, photo- 
metric determinations up to now have been carried out only in water solutions, while extraction-photometric meth- 
ods, known for a number of other reagents, have been impossible in the case of reagents of the arsenazo~thoron group, 


- In the present paper procedures are described that make it possible to carry out color reactions of this type 
employing an extraction technique. We will schematically discuss the structural formula of the complex, for exam- 
ple, of Th with arsenazo, 


+ 

This complex fs already fonic because of the presence of two sulfo groups, which impart a negative charge. But at 
the saine time a positive charge exists {n another part of the molecule, since the thorium atom entering into the 
composition of the complex retained its cationic charge. In addition, because of the presence of an intramolecular 
fonic state [4] in the molecule, responsible for the color of the complex, partial charges exist in different parts of 
the complex molecule, constituting a portion of the whole unit charge. These charges are distributed among many 
atoms of the complex molecule and are solvation sites, The strongly manifested solvation of the complexes, coupled 


with the presence of the negative charges of the sulfo groups and the positive charge, possible for a number of the 
elements entering into the metal complex, is the reason preventing their extraction. 


Compensation of the minus charges on the sulfo groups can be achieved by introducing the salts of suitable 
heavy hydrophobic organic cations, According to the literature, this can be achieved by introducing tributylamine, 
which forms tributylammonium cations (5, 6], or other suitable cations, for example, tetraphenylarsonium [(C.'5),As}* 
cations (7}, At the same time, it Is necessary to provide for compensation of the plus charge of the element fon by © 
introducing an anion that also lends itself to extraction. It is also desirable that the latter be quite hydrophobic and 
heavy. But the simultaneous introduction of heavy hydsophobic anions and cations into the solution leads to the 
situation that the salt, formed by these cations and anions, begins to be extracted, whereas the complex in which 
we are interested remains in the aqueous phase, For this reason, the nature and the concentration of the introduced 
cation, as well as of the anion, should be selected judiciously, 


When diphenylguanidinium salts are used as the source of cations the chlorides, sulfates or nitrates prove at times 
to be suitable anions, But in certain cases it becomes necessary to introduce more hydrophobic anions: thiocyanates, 
perchlorates, chloroacetates, tichloroacetates (8}, 


Diphenylguanidine {s especially suitable as a source of cations because of its availability, ease of obtaining in 
the completely colorless state, complete stability in the air and even in solutions, and the good solubility of its salts 


Reagent 


Possible ex- 
traction- 


photometric 
determina- 


Arsenazo I 


Arsenazo Il 


Arsenazo Ill 


Thoron Il 


Nitrothoron 
SOW 


Nitroarsenazo 
HO, 
Tetrabromoarsenazo III 


10,4, HO 
Be. 


volt, tr. 
La, Be, Cu 
etc, 


Tr, ze. 
Hg, Pelll 


vor,” pp, ds, 
Ca, LTR. 


in organic solvents and the excellent extraction 
propertics, Diphenylguanidine is quite a strong base 
and {s suitable for operating in systems ranging from 
6-7 N HCl to pH 8-9, In individual cases it may 
prove feasible to use pyramidone, antipyrine and 

its analogs of the diantipyrinylphenylmethane type, » 
colorless aromatic amines, 6 -naphthylamine, and 
many others, When operating in quite acid so- 
lutions it {s also possible to use oxonlum cations, 
formed by trialkylphosphine oxides, cyclohexanone, 
tributyl phosphate, 6 -naphthol, and other compounds. 


The hydrophilicity of the complex, caused by 
the presence of the partial charges distributed in 
different puints of the molecule, can be reduced 
substantially if resort is made to extractants, the 
molecules of which are capable of replacing the 
water molecules in the solvates. Definite state- 
ments (9, 10) exist in the literature regarding the 
possibility of such a process. As extractants the 
use of butyl alcohol and amyl alcohol proved to be 
the most convenient. Hexyl and benzyl alcohols, 
cyclohexanone, a mixture of ethyl alcohol and 
chloroform, and some other solvents can also be 
used, 


Taking into account all of the indicated con- 
siderations, with a somewhat empirical selection of 
the most suitable systems and operating conditions, 
made it possible to effect the extraction of the dis- 
cussed group of complexes and in this way carry 
out the extraction-photometric determination of a 
large number of elements, These methods of deter- 
mination, being more selective, also have a greater 
sensitivity than the corresponding photometric meth- 
ods, since a reduction in the volume {s easily achieved 
when the complexes are extracted. 


The extraction proceeds more easily, f.e., 
at a lower concentration of the diphenylguanidinfum 
salts or in the presence of less suitable anions, if 
the reagents do not contain two, but only one sulfo 
group, or if they contain Br, Cl, NO,, and other 
groups, capable of increasing the hydrophobicity of 
the reagent molecule, 


Intable lwe give a partial list of the color 
reactions that may be used for extraction-photo- 
metric determinations, The practical execution of 
these determinations we will illustrate by several 
examples, 


Extraction of the complex of hexavalent 
uranium with arsenazo I reagents. A solution of the 


arsenazo reagent {s added to a dilute lydrochloric acid solution of the uranyl salt, followed by the addition of 30% 
hexamethylenetetramine solution to a complete development of the color, and then 5 ml portions of the obtained 
solution are treated with 0,5 ml portions of a neutral 20% aqueous solution of diphenylguanidinium chloride, Thea 


2+ 
U0, Th, 
Zr, Ht, CTR. 
Felll, yor” 
Al.Be, Ti, Cu. 
Ga, In, Se 
Theron 
sO}, 
Th, Zr, 
Ht. Bi ete, 
Th, Ze, 
HI,Bi etc, 
Th, La, 
Bi etc, 
Som 
vo}*, tr, 
Zr, HI, La. 
vor, Al, Be, 
Pd etc. 
Tr, vost, 
ze, Pe 
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either butyl or amyl alcohol is used for the extraction, The arsenazo reagent gives a pink extract. If uranium fs 
present the extract is colored different hues of violet up to a pure Dlue when excess uranium Is present, 


Extraction of the complexes of the rare-earth elements with nitroarsenazo reagent. A solution of the reagent 
is added to a dilute hydrochloric acid solution of the rare-earth elements, followed by the addition of the hexamethyl- 
enetetramine solution to a complete development of either a violet or blue-violet color, and then the diphenyl- 
guanidine {s added, Butyl alcohol is used for the extraction. 


Extraction of the complex of thorium with thoron reagent. To 2-5 ml of the thorium -containing solution, 
having an acidity of about 0.05 N in HCl, are added in turn 1-2 mi of a 40% monochloroacetic acid solution or 20- 
50 mg of tichloroacetic acid, 0.5-1 ml of 20% diphenylguanidinium chloride solution, and 3-4 ml of either butyl 
or amyl alcohol for extraction. Depending on the amount of thorium present, the color of the extract ranges from 
yellow to red. 


Extraction of the complex of thorium with arsenazo II reagent. The extraction can be made from either hy- 
drochloric of sulfuric acid solution: 


a) To 2-3 ml of the thorium -centaining solution, having an acidity of about 0,1 N HCl, are added in turn 0.5ml 
of 40% monochloroacetic acid solution, arsenazo II solution until excess reagent is present, which can be detected 
by the {initially formed green color changing to a mixed violet ce blue color, 0.5-1 ml of 20% diphenylguanidinium 
chloride solution, and then cither butyl or amy! alcohol for extraction, The exiract is photometered at A 665 my. 


b) To 5 ml of the thorium-containing solution in 0.1 N H;SO, are added excess arsenazo III reagent, then di- 
phenylguanidiniwn chloride solution, followed by extraction with a snall volume of either butyl or amyl alcohol, 
A thorium concentration in the original aqueous solution as low as 0,01-0,02 y/ml of thorium can be determined 
with this procedure. ; 


Extraction of hexavalent uranium with arsenazo III, Because of the substantial stability of the UG*~arsenazo’ 
I1I complex it becomes possible to make the extraction from a soiution, saturated in the III complex, masking many 
elements. In this way a good selectivity in the determination of uranivm [11] is assured. 


To 1-2 ml of the nearly neutral analyzed solution, containing 1-50y of uranium, are added in turn 2-3 ml 
of a S% aqueous solution of sodium ethylenediamine tetraacetate, 1 ml of 0.1 N HCI, 1,00 ml of a 0.09% solution 
of arsenazo III reagent, 0.5 ml of 29% diphenylguanidinium chloride solution, and then 5,00 ml of butyl alcohol for 
extraction, The extract is photometered at 660 mp. When the uranium content {s low the extract is colored pink, 
while when its amount {s greater the color is violet, blue, or green, 


The practical sensitivity of the extraction-photometric reactions can be markedly increased even further by 
resorting to the coindined procedure of extraction and coprecipitation with organic coprecipitants, 


Organic coprecipitants [12] make it possible to isolate elements from very dilute solutions. One of the possible 
methods of coprecipitation is coprecipitation of the elements as the complexes, formed by them with reagents of the 
arsenazo~thoron group [12-14]. Methyl violet and some other basic dyes, which are all intensely colored, are used 
as the coprecipitants, However, it is also possible to use colorless organic coprecipitants. In this case the precipi- 
tates obtained after filtration can be dissolved in smail amounts of organic solvents, where the coprecipitated element 
is immediately determined photometrically from the color of its complex with the reagent. As a result, a concen- 
tration is coupled with a simultaneous determination, Ashing of the organic precipitate or its decoinposition with 
acids is not required, Such techniques give exclusive possibilities relative to the ease of determining clements in 
exceedingly dilute solutions, 


As colorless coprecipitants it is possible to use difficultly soluble sulfates, perchlorates, thiocyanates, tri- 
chloroacetates, naphthalene -6 -sulfonates, anthracene- a -sulfonates, and other salts of suitable, sufficiently hydro- 
phobic organic cations, for example, the diphenylguanidinium cation. 


The coprecipitant suitable for each concrete case is selected experimentally, The coprecipitant should be 
readily soluble in the taken organic solvent and should insure a complete coprecipitation of the complex of the 
analyzed element, in this connection leaving the main portion of the excess reagent in the solution, This possibility 
is associated with a definite relationship in the solubilities of the simultaneously formed precipitates: the colorless 
coprecipitant—salt of the heavy organic cation with appropriate anion, the salt of this same organic cation with the 
colored complex anion (the form in which the element coprecipitates), and the salt of the same organic cation with 


| 
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the anion of the used colored reagent. As an example we will give the combined method for the determination of 
thorium in solutions where the thorfurn dilution Is equal to 10? {15}. 


To 1 ter of 0.2 N HCI, containing, for example, 1 y of Th, are added in turn 5 ml of 0.05% arsenazo III 
solution, 50 ml of a 20% solution of dipfienyiguanidinium chloride and 50 ml of an approximately 1% solution of the 
potassium salt of anthracene-a-sulfonic acid, The precipitate is filtered and then dissolved in 5-10 ml of a mix- 
ture of equal volume parts of butyl alcohol and concentrated HCl solution, The extract is photometered at 665 my. 
Then 1 drop of saturated sodium hexametaphosphate solution {s added to decompose the Th~arsenazo III complex, 
followed by photometering again, in this way estimating the amount of reagent that coprecipitated with the complex. 
The thorium {s determined using a calibration curve. 


The authors wish to thank V, P. Makarova for ascistance in the work, 
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CONCERNING THE REACTION OF RHENIUM 
HEXAFLUORIDE WITH METAL FLUORIDES 


N, S. Nikolaev and E, G, Ippolitov 


(Presented by Academician J. V. Tananaev, April 3, 1961) 
Translated from Doklady Akademii Nauk, SSSR, Vol. 140, No, 1, 
pp. 129-132, September, 1961 

Original article submitted March 27, 1961 


The first member of the complex fluorides of hexavalent rheniun —potassium octafluororhenate ~was obtained 
by us earlicr [1] by the reaction of ReF, with KF, The present paper deals with the reaction of rhenium hexafluoride 
with the fluorides of the alkali metals in molten ReF¢ and in CIF; solution, The latter method was analogous to the 


method worked out by N, S. Nikolaev and V, F, Sukhoverkhov for obtaining the complex fluorides of hexavalent Mo, 
W and U 


The fluorides of the metals were prepared from the carbonates and chemically pure hydrofluoric acid. Rhenium 
hexafluoride was obtained by two methods, The first method was based on burning rhenfum in a stream of chlorine 
trifluoride, diluted with nitrogen, and has already been described by us (3}. The compounds synthesized by this meth- 
od were characterized by a high purity; they were used as:standards, A more rapid way of obtaining ReF, is based on 
reacting fluorine with metallic rhenium at 150° in a nickel reactor. In the general case 20 g of rhenium was con- 
sumed in 6 hr, The product was collected {in a teflon receiver. For purification it was distilled in a stream of hy- 
drogen, The rhenium hexafluoride obtained by this procedure was completely identical with the product synthesized 
by the first method, 


To run the reaction of ReF, with the metal fluorides we used a teflon autoclave, which withstood the vapor 
pressure of rhenium hexafluoride at 200°, All of the operations in carrying out these experiments were run in a dry 
box, cooled with liquid nitrogen, The proper amount of rhenium hexafluoride was charged into the autoclave, after 
which the alkali metal fluoride, freshly ignited at a temperature close to the melting point, was added from a 
platinum test tube. The reagents were mixed, after which the autoclave was closed tightly, removed from the box, 
and heated at the desired temperature. 


On the basis of a large amount of experimental material it was established that all of the alkali metal fluorides, 
with the exception of lithium fluoride, react, depending on the conditions, in two stages in accordance with the 
schemes: 


ReF -}- 2McF =: Me,ReFs, (1) 
MeReF, ReFg 2MeReF 9. (2) 


100 29 300 “0 500 600% 


Fig. 1. Thermal decomposition of Fig. 2. Thermal decomposition of KgReF». 
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TABLE 1, Properties of Complex Fluorides of ReVI 


Thermal | Stability [Behavior | Solubility in | Magnetic 
Compound | Color | stability | in the alr |toward organic sol- | moment | Density 
water vents in Hp 


Na,ReFs Pink Stable Less stable | Readily |Decomposes in} 1,69 


than soluble | methyl al- 
K,ReFs cohol 
K,ReFs Pink Stable | Stable for | Difficultly Insoluble in 1.6 4.35 g/cm? 
10 hr soluble | methy! al- 
cohol 
RbgReFs Pink Stable | Nearly the | Insoluble | Insoluble in 1.65 | 4.5g/cm’? 
same methy] al- 
stability cohol 
as KgReF, 
CyReFs Pink Stable Decomposes} Decom- | Insoluble in 1,71 


rapidly poses methyl al- 
rapidly | cohol 


KReFy Yellow Dissoci- | Decomposes} Readily | Decomposes 0.6 
ates** | rapidly soluble*| in methyl al- 
at 50° cohol 

RbReFy Yellow Dissoci- Decomposes| Readily | Soluble in 0.7 
ates® soluble*| methyl al- 
at 100° cohol 

CReFy Yellow | Dissoci- | Decomposes} Soluble” | Soluble in 0.7 
ates* methy! al- 
at 200° cohol 


* If cautiously dissolved in ice water, Otherwise it decomposes, — 
* * Dissociates in accordance with Equation (2). 


Equation (1) describes the reaction of ReF, with the alkali metal fluorides, taken in a molar ratio of 3 : 2, at 
temperatures up to 200°, Here pink octafluororhenates of composition Me,RcFg are formed, where Me {fs Na, K, Rb 
or Cs, At lower temperatures the octafluororhenates, with the exception of sodium octafluororhenate add still another 
molecule of rhenium hexafluoride, in accordance with Scheme (2), Here yellow heptafluororhenates of composition 
MecReF, are formed, where Me is K, Rb or Cs, These compounds differ sharply from the octafluororherates in cvior, 
crystal form, and chemical properties, 


The thermal stability of the heptafluororhenates decreases in the order Cs > Rb > K > Na, In general, sodium 
heptafluororhenate could not be obtained, while potassium heptafluororhenate begins to dissociate in accordance 
with Equation (2) even at 50°, It changes to potassium octafluororhenate when kept in a vacuum for a long time, 
The heat-gravimetric curves, obtained when KReF and K,ReFs are heated {1; a stream of dry nitrogen, are shown in 
Figs. 1 and 2, From Fig, 1 it can be seen that a rapid decomposition of KReF7 takes place at 200-300°, Here rhenium 
hexafluoride is liberated, which can be wapped. The weight of the residue after thermal decomposition is equal to 


59% of the taken weight of KReFz, which corresponds to the weight of the potassium octafluororhenate, calculated in 
accordance with Equation (2), 


The thermal stability of potassium octafluororhenate is astounding, From Fig. 2 it can be seen that there is 
no decomposition of any kind even at 500°, Only around 700° does a slight weight loss occur and the formation of 
a yellow heterogeneous product. The Rb and Cs heptafluororhenates are more stable than potassium heptafluororhenate, 
but still when they are heated with the corresponding fluorides at 200° they convert completely to the octafluoror- 
henates in accordance with the scheme: 


MeReF; + MeF = MesReFy. (3) 


| 
Ex 
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RbpRefy 
Fig. 3. X-ray spectra of octafluororhenates, 


All of the synthesized compounds and their properties are Listed fn Table 1, - 


1, Potassium octafluororhenate was synthesized by two methods. In the first method KF was heated with 
thenium hexafluoride, taken in a 2 : 1 molar ratio, in an autoclave at 200° for 6 hr. The obtained product was washed 
with chlorine trifluoride to remove ReFg. The residual CIF; was removed by gentle heating, after which the obtained 
product was washed with water to remove any heptafluororhenate and then it was washed with absolute alcobol; traces 
of the latter were removed in vacuo. Yield 95%, Using the second method we obtained a pure, coarsely crystalline 
potassium octafluororhenate. This method is based on the recrystallization of potassium octafluororhenate from ReF,. 
For this a mixture of KF and ReF, was taken in a molar ratio of 0.3 : 1 and heated at 200° for 4 hr, after which the 
autoclave was opened, and the excess ReF, was removed. The residual product was washed with chlorine trifluoride, 


2, The sodium and rubidium octafluororhenates were obtained in the same manner as the potassium octafluor- 
henate, using the first method, However, the sodium salt was not washed with water. 


3. Cesium octafluororhenate was obtained by heating ReF, with excess cesium fluoride. The mixture was 
taken in a molar ratio of 1 : 2.2 and the heating was done ir, an autoclave at 200° for 48 hr. The product was washed 
with chlorine trifluoride to remove the CsF, in which the latter is quite soluble 2} 


4. Potassium heptafluororhenate was obtained by mixing ReF, and KF, taken in a 1 : 0.5 molar ratio, The re- 
action mixture was kept at 0° for 36 hr. The product was washed with chlorine trifluoride, 


TABLE 2. Results of Analyzing Synthesized Compounds 


Re, % | Me. % 


calculated| found leaiculated| found [calculated 


Dae 


5. The rubidium and cesium heptafluororhenates were obtained in the same manner as the potassium hepta- 
fluororhenate, but a smaller excess of ReF, was taken, and the reaction was run at room temperature for 6 hr. 


6. The CsReFg and CsReF, were also obtained by mixing solutions of ReF, and CsF in CIF, taken in the proper 
molar ratios, 


The synthesized salts were subjected to a complete chemical analysis, The analys{s results are given in Table 
2. The method used to determine fluorine and rhenium was described previously [1], The alkali elements were 
determined by evaporation of the solution, obtained after oxidation of a known weight in a platinum crucible, to 
dryness, The residue, a mixture of fluctide and perrhenate, was weighed, 


An examination of the obtained salts under the microscope confirmed the fact that they are composed of a 
single crystalline phase. 


The sodium, potassium and rubidium octafluorozhenates proved to be sufficiently stable to permit obtaining 
their x-ray spectra using an fonization chamber.® The x-ray spectra of the sodium, potassium and rubidium octa- 
fluororhenates, obtained at a speed of 0.5° per minute, using iron radiation and a manganese filter, are shown in 
Figs. 3b, c and d. The spectra of the potassium and rubidium salts are reproduced exactly when the same sample {s 
rotated repeatedly, Because of noticeable decomposition during the time of measuring, the spectrum of the sodium 
salt {s not fully reproducible. 


The density of potassium octafluororhenate was measured and found to be equal to 4,35 g/cm’. The mag- 
netic moment of all of the octafluororhenates proved to be equal to 1,.7-1.6 pg, which is found to be fn complete 
agreement with the hexavalent state of rhenium,®*® The heptaflucrorhenates are also paramagnetic, but their mag- 


netic moment {s less than the calculated. 


All of the octafluororhenates, except the sodium salt, are practically insoluble in water. When allowed to 
stand in water for several minutes, the solution above them assumes a blue color, Sodium octafluororhenate in 
water gives a blue solution Jmmediately, Within 10 minutes this assures a brown color cue to the disproportionation 
reaction, which is characteristic for compounds of hexavalent rhenium: 


3Me,ReFa + 12 = 2MeReO, -+ ReO,-2H,0 + 20HF 4MeF. (4) 


Heating of the solution sharply accelerates this process. In contrast to the octaflucrorhenates, all of the hepta- 
fluororhenates are readily soluble in cold water to yield blue solutions, analogous to the solutions obtained from the 
octa flucrorhenates, 
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* The measurements were made using the apparatus in the laboratary of V. G, Kuznetsov. 
* * The measurements were made by V, I, Belova in the laboratory of Ya, K, Syrkin, 


| 
j 
Compound 

| found 
Na-ReF, 48,5 12,0 11,6 29,6 29,7 

K, ReFs 44,7 18,8 18,3 36,5 36,7 
Rb:ReF, 36,6 35,6 33,0 29,8 29,6 

Cos ReFs 30,8 44°0 43,9 25,2 24,9 

K ReF; 52,0 10,9 11,0 37,1 37,4 
Pb Ref; 46,0 239 20,9 35,0 
Cs ReF: 41,2 29,4 29,2 29,4 29,8 
| 
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Translated from Doklady Akademli Nauk, SSSR, Vol. 140, No. 1, 
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It {s known that gold forms with platinum a continuous series of solid solutions, which,in a certain concentra- 
tion range, decompose into a gold-rich (a2) and a platinwm-rich (a ) phase when the temperature {s lowered [1} 
The presence of transformations in the solid state was studied by Johansson and Linde (2}, They found that ordered 
phases of type Au,Pt, PtAu and PAu exist in different temperature intervals. However, later investigators failed to 
observe the existence of similar ordered phases, and it was only in 1951 that Grube, Schnefder and Esch (1}, making 
an x-ray study of the transformations detected an ordered phase of composition Au,Pt (a‘-phase) below 1000°, The 
parameter of the a’-phase after annealing at 900° increases from 3.873 A for the alloy with 5 atom % Pt to 3.918 A 
for the alloy with 25 atom ® Pt, A more detailed study of the gold-platinum system and measurements of the lattice 
parameters were made by the authors of [3}, It was shown by these authors that the parameters of the alloys in the 
one-phase region deviate but slightly from the straight Line corresponding to Vegard’s law. The presence of the 
ordered phase indicated in [2] was rejected by these authors, 


HA 
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Fig. 1, Change in the parameters of the a - and ag-phases for the 
alloys with 10 and 25 atom % Pt as a function of the quenching tem- 
perature, 


In the present paper a study was made of gold—platinum alloys containing 10 and 25 atom % platinum, The 
alloys were prepared from 99.99% pure gold sheet and 99.8% pure platinum sheet in a high-temperature tungsten 
furnace, under vacuum, in corundum crucibles, The ingots were cold-worked and then remelted, This treatment 
was repeated four times, after which the alloys were subjected to homogenizing annealing in vacuo at 900° for 70 hr. 
A portion of each alloy composition was turned out on a lathe into rods having a diameter of 0,4-0.5 mm, which, 
after removal of the surface layer by etching, were again annealed at 900° for 30 hr, followed by slow cooling from 
this temperature in 10 hr, The lattice parameters of the alloys were determined simultancously in a back-reflection 
camera anda VRS-3 camera with a diameter of 142.4 mm at the Cu Kg-radiation using the 333 doublet at angle 


4920 
14 
| 


@ 81°20 for the og-phase, and using the 422 doublet at angle 9 es 74°13 for the y-phase, The values of the 
parameters, the densities, and a number of other constants for all of the alloys are summarized in Table 1. 


A study of the alloys was made by the method of successive quenchings, previously described in [4], Three 
serics of specimens were studied simultaneously in the present cease. The specimens of the first series after heating 
to the desired temperature were quenched immediately. The specimens of the second series were annealed for 3 
minutes and then quenched, while the specimens of the third series were quenched after holding for 10 minutes, For 
the specimens containing 10 atom % Pt this process was repeated from 100° to 875°, and for the alloys containing 
25 atom % Pt the process was repeated from 100° to 1050° at intervals of 15-25°, At room temperature the x-ray 
patterrs of both alloy concentrations contain, together with the intense ines of the ag-solid solution based on gold, 
weak Lines of the ay-solid solution of gold in platinum, In addition, as can be seen from the data in Table 1, the 
solubility of platinum in the gold lattice fs much greater, Thus, for example, in the alloy containing 10 atom % Pt 
the amount of Pt dissolved in the gold lattice is about 9 atom *, while the amount of gold in the solution based on 
platinum {s about 3 atom %, From the equilibrium diagram it can be scen that increasing the temperature causes at 
first a sharp increase in the solubility of platinum in gold, whereas the solubility curve of gold rises almost vertically, 
Consequently, in the alloys, quenched from 100’, after holding for3 minutcs, a contraction is observed in the para- 
meters of the ay-phase, caused by the Pt atoms migrating into the lattice of the ag-solid solution, The parameters 
of the oy- and a-phases, and also of all of the intermediate states for the alloys containing 10 and 25 atom % Pt 
are shown in Fig. 1, It can be seen that a distinct periodicity exists in the course of the parameters, The reason for 
this pericJicity will be discussed below. The value of the parameter for the alloys containing 10 atom % Pt reaches 
3.913 A, whereas for the alloys containing 25 atom % Pt the lowest value of the parameter {s 3.917 A, Every time 
that the parameter of the ay-phase drops down to this limiting low value the width of the 333 line of the base phase 
gives a maximum (sce Fig. 2), in this way denoting the state of the maximum distortion of the lattice, 


20 


Fig. 2. Change in the width of the 333 Line of the az-phase, micro- 
hardness H, ground of the x-ray pattern S, and density p as a function 
of the temperature of quenching the alloy containing 25 atom % Pt. 


The curves of the microhardness H, ground of the x-ray pattern S, width of the 333 Line of the ag-phase, and 
density as a function of the quenching temperature are shown in Fig, 2. The density of the alloys was measured 5 
minutes after quenching, and then after 1, 2, 24, and 43 hr. It was found that the density of the alloy after quenching 
changed sharply, and it was only after 24 hr, and at times after 48 hr, that it assumed its stable value. These stable 
values are plotted in the graph, In addition, the values of the density, measured immediately after quenching, are 
plotted in the graph. For clarity, the distances between them have been striped. The greatest differences in the 
density values are obtained at the places where substantial changes take place in the alloys, In those places where 
these changes are absent, the differences between the density values are almost nonexistent, 


Above 100° the solubility of gold in platinum also begins to increase slowly. The flow of gold atoms, striving 
to reach the grain boundaries, meets the platinum stream, creating zones rich in gold, The formation of these layers 
of a new phase occurs in the planes of the Au~Pt lattice, since even at 190° diffuse halos (effect of two-dimensional 
diffraction), gradually shaping into a Line, arise around the corresponding lines in the x-ray pattern, An indexing of 
these Lines in the cubic system 1s possible with.a parameter of 4,065 A, Le., with a lattice parameter containing 
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only about 3 atom % Pt, The formation of diffuse lines can be observed with especial clarity around the 233 and 
422 lines of the base phase. In Fig. 3 the formation and movement of the diffuse lines around the 333 and 422 Lines 
of the base phase as a function of the quenching temperature {is indicated by arrows for the alloys containing 10 and 
25 atom % Pt. A sharp contraction of the width of the 333 line of the base phase (Fig. 2), a reduction in its inten- 
sity, and a decrease in the ground of the x-ray pattern corresponds to a cleavage of gold-rich formations and the ap- 
pearance of new lines. In addition, as Fig. 1 indicates, the parameters of the a - and a2-phases show some contrac- 
ticn here, subsequently remaining unchanged for a certain temperature interval, A dissolving of the formations of 
the intermediate phase occurs during this period, accompanied by a broadening of the lines on the x-ray patterns and 
an intensification of the ground. Here all of the diffuse lines disappear. Asa result of this dissolving the gold atoms 
migrate into the platinum-rich solution, increasing its parameter up to 3.916 A for the alloy containing 10 atom % 
Pt and up to 3.920 A for the alloy containing 25 atom ‘ Pt. On the other hand, the platinum atomns enrich the so- 
lution based on gold, in this way causing a contraction of the parameter, and an increase in the microhardness and 
the density (see Fig. 2), 
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Fig. 3. Formation and movement of diffuse halos Fig. 4, Scheme of the intermediate states, arising in the 
on x-ray patterns of alloys containing 10 (I) and mutual dissolving of the phases in the system Pt-Au. 

25 (II) atom % Pt around the 422 and 333 my 

lines of the base phase. 


Withthisends the first period of the red{stribution of the gold atoms in the platinum lattice and, in reverse, 
of the platinum atoms in the gold lattice, taking place via the formation of intermediate layers (zones), rich in gold. 
The process of a similar redistribution of the atoms via the formation and dissolving of the intermediate phase when 
the temperature is raised is repeated periodically, This periodicity of the process affects not only the regular fluc- 
tuations of the lattice parameters, but also the changes in the width of the lines, density, and other physical charac- 
teristics of the alloys, 


The second period of the transformations proceeds in a manner analogous to the first, and again there is a dis- 
solving of the platinum atoms and a contraction of the parameter of the a ,-phase. A periodic repetition of the 
given process leads to the creation of definite quantitative ratios of the atoms in the elementary cells of both phases, 
As a result of this, in the alloys containing 10 atoin % Pt there occurs in the temperature range 500-600" a stratifica- 
tion of the a 4-phase into solid solutions a, and a," (see Fig. 1), The lines of these phases are so weak that it proves 
impossible to make any analysis of their intensities, Consequently, in Table 2 only the squares of the sines of the 
angles of reflection are compared. Even at 590°, as the result of an equalization of the concentrations of the solid 
solutions, the lines begin to merge, forming one phase. It should be mentioned that the stratification of the solid so- 
lutions based on platinum, with a very low va'ue of the parameter, which takes place in the alloys containing 10 
atom % Pt in the temperature range 500-600", is not observed in the alloys containing 25 atom % Pt. However, above 
700°, in the alloys of both concentrations the lines in the x-ray patterns, corresponding to the a -phase, separate. 

Its [x y-phase) lattice becomes tetragonal with the parameters a = 3.920 A, ¢ = 3.900 A and c/a = 0.99, while its in- 
tensity is almost comparable with the intensity of the base phase, 


| 
10 atm % Pt 25 atm % Pt 
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A calculation of the x-ray pattern of the alloy contain 

ing 25 atom ‘? Pt, quenched from 750°, is given in Table 3. 
The squares of the sines of the angles of reflection are caleu- 
lated employing the above given lattice constants. The ob- 
served intensities were taken by the technique of photometer- 
ing the x-ray pattern, Calculation of the intensity was done 
in an ctlenting manner, taking into account only the Lorentz 
and polarization factors. With further elevation of the temper- 
ature, due to a dissolving of the formations of the intermediate 
phase, a disordering of the o,-phase sets in. The tetragonal 
nature of the lattice disappears. It again becomes cubic. Its 
parameter increases, while the parameter of the a2-phase de- 
creascs, In the alloys containing 10 atom ‘® Pt, even at 875°, 

uve thi their parameters begin to approach each other for the forma- 
tion of a homogeneous solid solution, In the alloys containing 
foundh sted iphase 25 atom %& Pt the cey-phase dissolves completely only after 
ek | holding for several hours at 1050°, As a result of its dissolving, 


Parameter of 
ag-phase, A 


and enrichment of the a-phase in Pt atoms, the latter phase 


0,957 
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5 rom ewe stratifics. A solid solution is formed with aparameter of 4.017A 
| 0,025 | 


An equalizing of the concentration between the aq and 
a", phases leads to an ordered structure of the Au,Pt type, and 
then to a homogeneous solid solution, A general scheme of 
the mutual solubility of the phases in the system Pt—Au fs 
shown in Fig. 4, Observing the superstructure Lines In the 
system Pt--Au {s difficult. However, based on approximate 


a geometric considerations it {s possible to conclude that the 


— 

|touna se) a'y-phase, arising in the interval 500-600°, fs an ordered phase 
lated of the Pt,Au type, since a tetragonalization of the lattice oc- 

curs as the result of an ordering with the composition PtAu. 


As a result, on the path of a mutual solubility, the phases 
in the system Pt~Au pass through a series of ordered states, in 
exactly the same manner as was shown by us in the case of the 
system Ni-—Au [4, 5}. In view of the present investigation it 
becomes clear why the ordered phases, found in [2], were not 
observed in subsequent investigations, The gist of the matter Is 
that in this case Pt,Au, PtAu and AusPt are not stable phases, 
existing in a definite temperature range, but instead are only 
ordered states, arising on the path of the mutual solubility of 
the phases, 
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The relative electronegativity of organic radicals can best be estimated by following the reactivity of the 
corresponding organometallic compounds with electrophilic agents. It was precisely by such methods that the rela- 
tive electronegativities of a scrics of organic radicals was established (1}, 


In an attempt to determine the position of the perfluoroviny! radical in the series of siinpler organic radicals 
we investigated the kinetics of the decomposition of perfluorodivinyl-, divinyl- and i da with hydrogen 
chloride in aqucous tetrahydrofuran: 


+ HCl -+ RHgCl RH. 


This process corresponds to the pseudo first-order equation, in which connection the reaction rate at 20° de- 
creases in the order: 


= Hg (CF; = CF); Hg He . 
k, sec-! 3,19-1 1,15-1u-¢ 3,10-10-* 


Hexafluorodimethylmercury does not react with cither hydrogen chloride or sulfuric acid under these conditions, 
despite the fact that the CFy-radical fs mare electronegative (2}, If the discussed reaction fs regarded as being an 
electrophilic substitution process, then this fact, and also the ratios of the rates of reaction of the organomercury 
derivatives investigated by us with hydrogen chloride, find their natural explanation in the greater or smaller elec- 
tron density on the carbon ator attached to the metal, 


Apparently, in divinyl- and perfluorodivinylmercury the carbon atom In the a -pe«ition, because of conjugation 
of the #-electrons of the double bond with the 6p- or 6d-levels of the mercury atom, proves to be so strongly elec- 
tron donating that attack by the proton is accomplished quite easily. Here, due to the inductive influence of the 
fluorine atoms, the electron density for the a-carbon atom of the perfluccovinyl radical proves to be smaller than 
in the case of the vinyl radical; the density for the a-carbon ats of the ethyl and, apparently, other saturated 
aliphatic radicals will be even smaller, Finally, for the carbon atom of the trifluoromethyl radical, because of the 
very strong inductive influence of the fluorine atoms, the electron density becomes so small that attack by the proton 
is now practically impossible, In contrast, nucleophilic attack of the mercury atom should proceed quite easily; 
actually, hexafluorodimethylmercury, similar to the perfluoromethy mercury halides, & decomposed very easily by 
cold alt:ali with the quantitative liberation of fluoroform, 


Starting with the above given stipulations, a good explanation exists for the fact that a cleavage of the alkyl 
or aryl (R) radical, but not of the CF,-group, occurs when RpSn(CF3)4 -p is treated with hydrogen chloride, whereas 
a cleavage of the perfluoroviny] radical occurs when RpSn(CF=CF 3), -p (n = 2, 3) is teated with hydrogen chloride 
{3}. In accordance with these same stipulations, it also becomes understandable why it fs the trichloromethyl, and 
not the phenyl radical that is cleaved when phenyltrichloromethylmercury is treated with hydrogen chloride, The 
smaller electronegativity of the chlorine atom determines the considerably smaller inductive effect of chlorine 
when compared with fluorine, and consequently an adequate electron density for the carbon atom in the CC-Hg 


grouping [4}, 


| 


/ 


Products of the reaction of 
| foundeate| with HCl and Ach 


CFy=CF CHy = CHINGCI* (82%) + CP, CFH (20%) 
cur Me 35] 1.5220" 31,80] 31,16 CH, 485%) 
CF,= CF CHy=CH,Hgcl (80%) + CF, = CFH (98%) 


CF,=CP 


| = | (78%) + C7, =CFH(98%) 


* When the mixed melting points were taken with specially prepared specimens: 
(m.p. 192°), = CHHgCl (m.p. 182°) and (m.p. 271°), the res- 
pective en points were not depressed. 

is exceedingly unstable and changes rapidly. 
***B.p. 115°, 1.4830 (from the literature for CF; = CFAsCly, b.p. 115-116", 
1.4825). 


The order in which organic radicals are cleaved from organometallic compounds fs also retained for certain 
other electrophilic reagents. Thus, in the decomposition of RySnCFs with either chlorine or bromine, the same as in 
the case of decomposition with hydrogen chloride, it is the alkyl, and not the trifluoromethyl radical that {s cleaved 
(5}. When CICH = CHHgCCh is weated with either chlorine or bromine it fs the 6 -chlorovinyl, and not the trichloro- 
methyl radical that fs cleaved (6}. In this case, the same as in the case of the above discussed vinyl and perfluoro- 
vinyl derivatives, the greater electron density on the carbon atom of the 6 -chloroviny! radical {s apparently deter- 
mined by the influence of the 1 -electrons of the double bond in the 6 -chlorovinyl radical. 


Unsymmetrical organomercury compounds, containing the perfluorovinyl radical, were obtained by us when 
perfluorovinylmagnesium bromide or the fodide was reacted with alkylmercury halides. Thus, from the vinyl-, 
ethyl- and phenylmercury bromides we obtained respectively perfMuorovinylvinyl-, perfluorovinylethyl- and perfluoro- 
vinylphenylmercury. The structures of the compounds obtained were proved by the fact that when treated with 10% 
HCl they were respectively converted in approximately 8C% yield to the vinyl-, ethyl- and phenylmercury chlorides, 
and at the same time, in practically quantitative yield in all cases, to trifluoroethylene; in addition, the reaction of 
perfluorovinylethyl- and perfluorovinylvinylmercury with AsCl, gave, in over 80% yield, perfluorevinyldichloroarsine 
and respectively C,HsHgCl and CH, = CHHgCl (table). 


The fact that trifiuoroethylene, and not ethane {s evolved when perfluorovinylethylmercury is treated with 
hydrogen chloride {s found to be in agreement with the rates with which diethyl- and perfluorodivinylmercury are 
decomposed by hydrogen chloride. The fact that trifluoroethylene, and not ethylene is evolved when perfluoro- 


vinyvinylmercury is treated with hydrogen chloride can apparently be explained by 2 conjugation of the # -electrons 
of the double bond with the 6p- or 6d-levels of the mercury atom: 


CH, <CH —Hg— CF 


As a result of this a greater electron density arises on the a-carbon atom of the perfluoroviny] radical than on the 
a-carbon of the vinyl group, Apparently, an analogous conjugation also exists in divinyldiperfluorovinyltin, which 
when decomposed with HCl also evolves tifluorcethylene 


Lee, 
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EXPERIMENTAL 
Study of the kinetics of the decomposition of organomercury compounds with hydrogen chioride. All of the 


organomercury coinpounds were prepared from the corresponding Grignard reagents and either mercuric chloride or 
the bromide in ether, or in tetrahydrofuran. 


As solvent for studying the kinctics of the decomposition of the organomercury compounds with acids we used 
a 15% solution of water in tetrahydrofuran, containing 3.5% (0,957 mole/liter) of hydrogen chloride. Prior to experi- 
ment the solution was saturated with the same gas that it was 
postulated would be liberated in the decomposition of the in- 
Mole % vestigated organomercury compound, The saturation was done 
m0 at the same temperature as was used in the subsequent decom- 
position experiment. 


The reaction rate was characterized by the volume of gas 
evolved in a given length of time, 


Unsymmetrical fully substituted mercury derivatives, 
containing the perfluorovinyl radical, Preparation (typical 
experiment), To an ether solution of CF, = CFMgl or to a so- 
lution of CF, = CFMgBr in tetrahydrofuran (with the concentra 
Variation in the decomposition rate of organo- tion of the perfluorovinylmagnesium halide about 0.1 mole per 
mercury compounds R,Hg (t = 20°), 1) Rate 100 ml of solvent) was added, with vigorous stirring, an equi- 
of C,H, evolution, k = 3.19 - 10°; 2) rate of molar amount of RHgBr (R = CH; = CH-, G,Hs~, CgHs-) fn 
CF, = CFH evolution, k = 1.15 + 10°; 3) rate the same solvent at -10°, After adding the RHgBr the stirring 
of Cli, = CH, evolution, k = 3,10 + 10-4 was continued at 0° for 12 hr. The solvent was vacuum -dis- 

tilled, while the residue was fractionally distilled. The proper- 
ties of the obtained products are given in the table, 


Decomposition of RHgR" with hydrochloric acid. Into a 50 ml Erlenmeyer flask, connected to a reflux condenser 
and a nitometer, were charged 10 ml of 10% HCI solution and a test tube with a weighed amount of the organo- 
mercury compound; the reaction mixture was shaken vigorously. On conclusion of stormy reaction, the reaction 
mass was heated on the weter bath until gas evolution ceased. The reaction vessel was then thermostatted and the 
volume of liberated gas was converted to standard condittons, The crystals that separated from solution were filtered; 


after recrystallization, the melting point and the mixed ne point with authentic substance were determined, 
The obtained data are given in the table, 


Reaction of RHgR’ with AsCl, (typical experiment). Into a small ampul, connected to a condenser, were charged 
0.9 g (0.0029 mole) of CF, = CF-Hg—CH = Cl and 0.53 g (0.0029 mole) of AsCl;. When vigorous reaction had 
subsided, accompanied by the separation of white crystals, the reaction mass was heated for 2 hr on the water bath; 
the liquid reaction products were distilled from the ampul, and then redistilled, We obtained 0,53 g of CF, = CFAsCh, 
yleld 85%, From the residue we isolated 0.6 g of CH, = CH'NgCl, yield 82%, 


In a similar manner, the reaction of = CFHgC,Hgs with AsCl, gave CF, = CFAsCly and C,HsHgCl (see table). 
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Polymers with the chief chain in the molecule inorganic, and which belong to the polydimethylslloxane series 
and centain along with the dimethylsiloxane units also phenylmethylsiloxanes (1], methylvinylsiloxanes (2}, and 
ethers, were obtained by joint hydrelysis of different monomers and then their polymerization. In the polymers ob- 
talned in this way the distribution of the different groups in the chain with respect to the dimethylsiloxanes was fr- 
regular, 


In the present work we have studied the reaction of polycondensation of the methyldiethoxys!lylmethy] estcr of 
dimethyl! phosphinic acid with different a,w-dihydroxydimethylsiloxanes. Using 
with different numbers of dimethylsiloxane links between the hydroxyl groups, it was possible to regulate the dis- 
tance between dimethylphosphinic groups and to assure regularity in thelr distrfbution in the chain molecule. To 
carry out the synthesis of polymers with definite positions for the methylphosphinic groups in the chain we synthe- 
sized o w-dihydroxydimethylsiloxanes by the reaction known for the dipheaytsilandiols (3) 


(Cl + 2NaHCO,-- 2NaCl + 2CO, + HO—Si O—Si— OH. 


sJn-1 CHs 


With the help of this reaction we obtained a,w-dihydroxydimethylsiloxanes with a degree of polymerization n = 9, 
13, 53. The propertics are given in the table. «&,w-DihydroxydimethylIstloxanes when heated with methyldiethoxy- 
" silylmethy! esters of dimethylphosphinic acid without a catalyst react with evolution of ethyl alcohol by the reaction: 


CHs 


+m HO— H-» 
LCHs Jn 


+ 2mC,H,OH. 


The reaction was carried out at a temperature of 170°, The end of the reaction was determined by evolution of ethyl 
alcohol, the amount of which in the case of condensation of «,w-dihydroxydimethylsiloxane with degree of polymeriza 
tion n= 9 was 76.5% of the theory and in the case of condensation of a ,w-dihydroxydimethylsiloxane with degree of 
polymerization n = 13 was 73h of the theory. The end of the reaction of condensation of a -w-dihydroxydimethy!- 


&§ 

| 

| 

CH; 

O—P(CH)s 

iz 


Substance 


CHy 
HO di_o H 


Hy Je 
CHy 


H 


Hs Ju 
CH; 


Ho} —di-o | 66,5 


CHs Jss 


* Molec. wt. calculated on the hydroxy! groups. 
** Molec. wt. determined by viscosimetric method, 


siloxane with degrce of polymerization n = 53 was determined by reaching a constant viscosity. Determination of the 
molecular weights of the polymers by the viscosimetric method showed that they were 2190, 7250, and 31620, 


All the polymers studied had a very low temperature of glass formation in the regioa -110° to—130°, We 
observed a slight shift of temperature of glass formation toward higher temperature with decrease in distance be- 
tween dimethylphosphinic groups in the polymer chain. Thus, in the polymer with number of dimethylsiloxane 
links 9 between the dimethylphosphinic groups the point of glass formation is 110° and with the number of links 13 
it {s 120°, The low temperature of glass formation in polymers containing polar dimethy!phosphinic groups in the 
chain can be explained by the fact that because of their great dimensions compared to the methyl groups they de- 
crease the density of packing of the molecule chain. 


Experimental. 1, Synthesis of dihydroxydimethylsilcxanes, In a three neck flask with a stirrer, reflux condenser 
and dropping funnel was put 15.5 g (0,185 mole) of NaHCO,, 200 ml of acetone, and 200 ml of benzene and the mix- 
ture was heated with stirring on a water bath. At 75° we added dropwise 42.1 g (9.059 mole) of a,w-dichlorooctadeca- 
methyInonasiloxane in 50 ml of benzene. When all the chloride had been evolved in the reaction, the mixture was 
stirred for cight hours. The end of the reaction was determined by the absence of chlorine in the solution, 


The precipitate was filtered on a Buchner funnel and the solvent was removed from the filtrate to constant 
weight, The resulting product was again filtered, We obtained 28.36 g of a,w-dihydroxydimethylsiloxane with a 
degree of polymerization n= 9, which was 70.9% of the theory. 


Found %: C 32.17, 32.32; H 8,03, 7.84; Si 36.92; OH 4.58, 4.44. CygtlygSigQyg. Calculated %; C 31.5; H 8,19; 
Si 36.82; OH 4.97, 


Molecular weight: found 678.7, 669.2, calculated 684, 


2. In an analogous way from 54 g (0.053 mole) of a-w-dichlorohexamethyltridecasiloxane in 200 ml of ben- 
zene and 200 ml of acetone and 13.4 g (0.159 mole) NaHCO, we obtained 46,4 g of the corresponding a,w-dihydroxy- 
dimethylsiloxane, Yield 88.9% of the theory. 


Found %: C 32,07, 32.13; H 8,09, 8,16; Si 37.63, 37.70; OH 3.52, 3.99, CogHggSiyO,4. Calculated %: C 31.9; 
H 8.16; Si 37.1; OH 3,47. 


3. In an analogous way 80 g (0.026 mole) of a-w-dichlorodimethy siloxane, 3 g (0.036 mole) NaHCO, in 
150 ml of acetone and 200 ml of benzene gave 70.5 g of the corresponding a ,w-dihydroxydimethylsiloxane. Yield 
66.5% of the theory, Content of OH 0.90%; 0.84%, Molecular weight viscosimetrically 4266; by hydroxyl groups 
3930. 


Molec. wt. | % % | 
3/123 3/23) 133) 3133] 3 123 
678,8 4,44 32,17 8,03 
70,9|.684 | 669 | 4,97] 4,58) 31,5) 32,32) 8,19] 7,84 | 36,82] 36,92 
1016 3,52 32,07 8,09 37,63 
88,9] 980 }1022 | 3,47] 3,99] 31,9] 32,13) 8,16] 8,16] 37,10) 37,70 
8,16 
0,84 
9,0); —| —| — 
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Reaction of Condensation of Methyldiethoxysilylmethyl Ester of Dimethylphosphinic 
Acid with a,w-Dihydroxydimethylsiloxanes with Degree of Polymerization n = 9; 13; 
53. 

1) In a Claisen flask with a stirrer, thermometer, end right angle condenser was put 10 g (0,147 mole) of a,w- 
dihydroxydimethylsiloxane with n = 9 and 3.5 g (0.147 mole) of methyldiethoxysilylmethy! ester of dimethyl- 
phosphinic acid. The mixture was stirred and heated at 150° for six hours; during the reaction ethyl] alcohol distilled 
off, 0.47 g with ntf 1.3626. Yield of ethyl alcohol 76.5% of the theory. Then the product was treated in a vacuum 
to constant weight. In all we obtained 12.72 g. 


Found %: C 32.5; H 8.09; Sf 32.67; P 3.55. CygllsyStyglt,,P. Calculated %: C 32.2; H 8.00; Si 33.5; P 3.66. 


The molecular weight was determined viscosimetrically, 2194, point of glass formation 110°, 


2) In an analogous way from 5 g (0.005 mole) of a,w-dihydroxydimethylsiloxane with n = 13 and 1,23 g 
(0,005 mole) of methyldiethoxysilylmethy] ester of dimethylphosphinic acid we obtained 5.51 g of substance with 
molecular weight 7250 and point of glass formation ~120°, During the reaction 0.16 g of ethyl alcohol was evolved 
13h of the theory. 


3) In an analogous way from 30 g (0.0076 mole) of a,w-dihydroxydimethylsiloxane with n 2 53 and 1.85 g 
(9.0077 mole) of methyldjethoxysilylmethyl ester of dimethylphosphinic acid we obtained 29,44 g of substance with 
molecular weight 31620, During the reaction we measured the relative viscosity of a 1% solution; when the vis- 
cosity stopped changing, the reaction was stopped. 


Found %: C 32,59, 32.42; H 8,12, 3,09; ash 80,25, 80.09, Cysglye9SisgOseP}. Calculated %: C 32.2; H 8.04; 
81.1. 
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It {s well known that tetrasubstituted derivatives of ethylene as a rule cannot polymerize because of great 
spacial difficulties. For the same reason teiracyanoethylene docs not tend to radical-chain polymerization. 


In the iiterature there {s some indication of the possibility of obtaining polymers or copolymers of tetracyano- 
ethylene. However, on the basis of the data of organic chemistry concerning the ability of nitriles to form cyclic 
compounds, we can assume that in the case of tetracyanoethylene there 
can be formation of a macromolecular compound because of opening 
the C = N bond as a result of which it is possible to obtain heterocyclic 
structures of the type of linked azoporphyrin rings or condensed pyridine 
nuclei, In this connection it seemed desirable to test as initiators of 
polymerization of tetracyanoethylene organic compounds which could 
open the C = N bond and convert itto C= NH, which could enter into 
further chain polymerization, 


g r The experiments showed that tetracyanocthylene in the presence 

= r 5 of alcohol, phenol, amines and amides at 290° polymerized with for- 
Added aniline —~ mation of a black, nonfusing, insoluble product (Table 1), As Table 1 
shows, the most active is ethyl alcohol (yield of polymer 43.5%) and 
then in descending order aniline (27%), phenol (25.3%), urea (17.5%), 
triethylamine (13%), pyridine (8.7%), and ammonium bicarbonate (1.0%). 
Without adding an {initiator tetracyanoethylene under the same con- 
ditions polymerizes with a very low yield (about 2%). The formation of polymer under these conditions {s probably 
connected with the presence of a trace of water or some other admixture, 


Fig. 1, Dependence of yield of polymer 
on amount of aniline added, 


TABLE 1, Dependence of Yicld of Polytetracyanoethylene on Catalysts® 


Tetracyanoethylene Yield 


z 


name mole,’ 


Alcohol 
Aniline 
Phenol 


Urea 
Triethylamine 
Pyridine 


(NH QHCO, 


3 


& 


22 


* Polymerization was carried out at 200° for 10 hours, 


| 
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TABLE 2, Electrical Properties of Polytetracyanoethylene 


E Oo 
kcal/mole] ohm~!. em* 


Polytetracyanoethylene 13.3 10 
(without catalyst) 
Polytetracyanocthylene 8.2 107 
(catalyst aniline) 
Polytetracyanoethylene 6.8 
(catalyst alcohol) 
Polytetracyanoethylene 9.2 
(catalyst phenol) 


Loss in weight 


450 


Fig. 2. Curve of decomposition of polyteuacyanocthylene depending 
on temperature and duration of heating. 


In the case of polymerization of tetracyanoethylene in the presence of aniline we studied the effect of the 
amomnt of catalyst and the time of reaction on yield of polymer. As a result of these experiments we showed that 
with fiercasing amount of added aniline, the yield of polymer rose. Thus, on adding 0.5 mole % aniline the yield 
was <b, and adding 4.4 mole % increased the yield to 36% (Fig. 1). 


Polymerization of TCE occurs in a very short interval of time. Even after 0.5 hours (first experiment) the yield 
of polymer was 12-15%, and further increase in time of reaction did not increase the yleld, 


The absence of a relation of yield of polymer to time of reaction {s probably connected with stoppage of growth 
of the macromolecule due to formation of inactive molecular complexes of tetracyanoethylene and the growing 
polymeric heterocyciic compound, 


A study of the thermal stability of polytetracyanoethylene obtained in the presence of aniline showed that the 
polymer heated in a vacuum of 1-2 mm at 200° for 20 hours was not changed by four hour heating at 300°, When 
the temperature was raised to 350° there was a 9.6% loss in weight in the first 15 minutes, after which no change In 
this polymer occurred. Further increase in temperature caused marked destruction of the polymer so that at 400° the 
loss in weight was 38.5%, at 450°, 62.6%, and at 500° the polymer was completely destroyed (Fig. 2a, b). 


The electrical properties of polytetracyanoethylene were analogous to those of the polymer of chelated tetra- 
cyanoethylene [1} The polymers had a raised conductivity ohm“! The energy of activation of 
conductivity was 7-13 kcal/mole (see Table 2). 


46 The dependence of the logarithm of conductivity on inverse 

50 temperature {is given in Fig. 3. 

4 These polymers show a narrow signal of electron paramag- 

$8 netic resonance of high intensity with distance between maxima 


; of 4-6 oersted with a g-factor 2 without superfine structure. The 

ep ; concentration of paramagnetic particles is 10°*-10"* per g- The 
Fig. 3. Dependence of electrical conductivity _ broad Line has an asymmetric character, and for some polymers, 
of polytetracyanoethylene on temperature, the fan line is lengthened by several thousand oersteds, 


; 300% 
: 
10°° 
10°? 
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a 
80 
60 
40 380° 
900 


Ac the present time there are still insufilcient data to permit final conchision as to the structure of the polymers 
of tetracyanocthylenc, However, based on the tendency of aromatic di- and tetranitriles toward cyclization (2), and 
also on the polymerization of hydrocyanic acid and the cyclization of polyacrylonitrile [3-6] we can assume that the 
formation of the macromolecule occurs due to formation of an energetically favorable connection between the azo- 
porphyrin rings analogous to that which occurs in the synthesis of phthalocyanins [2}, 


Structure Il 


Thus, for the polymer obtained in the presence of pyridine we find (in percent) C 57.0, N 42.12, H 0.85 and 
calculate (in percent) for CycgN yogttzg (that is, for a polymer consisting of 25 residues of tetracyanoethylene with sub- 


stitution of two CN groups by a pyridine residue), C 57,17, N 42.2, H 0.63 (for structure I) and C 57,2, N 42.18, H 
0.60 (for structure 


For the polytetracyanoetliylene obtained {n the presence of alcchol we ‘find (in percent) C 55.8, N 40.4, H 1.5 
and calculate (in percent) foz CcpNygty70, (that fs, for the polymer containing 10 residues of tetracyanoethylene with 
substitution of two nitrile groups by an alcohol residuc), C 56,0, N 40.2, H 1.3, 02,4. 
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It is known that by the action of some free amines (ammonia, methylamine, ethylamine) on a solution of 
K,P'tCl, to obtain the cis-diamines, there {s precipitated a mixture of substances which consists chiefly of the desired 
diamine and the corresponding Magnus salt, The difficulty of the separation of reaction products of KgPtCl, with am- 
monia and the fact that by the action of methylamine on KgPtCl, the analog of the Magnus salt is the sole product 
of the reaction has forced many investigators [1-4] to seck conditions of synthesis which exclude the action of these 
amines in the free state on the platinite, 4 


We should emphasize that on the addition to a solution of K,PtCl, of free hydroxylamine [5] or its acetate (6) 
a brown substance separates which does not contain the desired amine and according to the results of A, V. Babaeva 
and co-workers [6] is probably a multiring compound, a product of the hydrolysis of (Pt(HxCl),}° 


With great difficulty they isolated a hydroxylamine cis-diamine from the filuate after separation of this brown 
substance. 


Analysis of the reasons for this complication led to the opinion that if this reaction took place under con- 
ditions of a greater concentration of platinite than was possible using K,PtCl, (1 : 10), this would contribute to a 
more rapid saturation of the solution with the desired cis-diamine, and hence, a more successful {solation of it in 
the precipitate. 


A sharp increase in concentration of platinite (1 : 1) could be attained by replacing the K* fon by the Na* 
fon; experiments with free methylamine which led to isolation of [Pt(mCl))*° confirmed the reality of our sugges- 
tion. 


The reaction of free hydroxylamine or its acetate with platinite under these conditions led to formation of a 
precipitate which was more of a mixture of cis-diamine with the analog of the Magnus salt. The brown substance 
was not formed under these conditions, 


Below we describe methods for synthesis of the methylamino and hydroxylamino analogs of the Peyrone salt, 


1, Obtaining the starting solution of Na,PtCly, To 4 g of potassium platinite we added 3 g of NaClO, in 4 ml 
of water. The excess NaClOy was 30%» above the theory. The mixture was stirred energetically and heated on a 
boiling water bath for 5-10 minutes. After cooling, the precipitate of KC10, was carefully sucked off and washed 
with 1-2 ml of water, which was added to the filaate. The resulting dark cherry red solution of NagPtCl, was used 
for further synthesis, . 


2, Synthesis of cis-dichlorodimethylaminoplatinum [Pt(mCl),}. To the solution of Na,PtCl, obtained from 4 g 
of KgPtCl, we added by drops with energetic stirring 1.8 ml of a solution of methylamine (2 moles of methylamine 
per mole of K,PtCl,), Almost at once a precipitate began to appear, and after 20-30 minutes the solution took on 
a yellow color. At the time of the synthesis a strong heating occurred. After 30 minutes the yellow-green precipi- 
tate was carefully sucked off and washed with a minimum amount of water, alcohol, and ether. The precipitate 


* Hx is hydroxylamine, 
** m is methylamine, 
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consisted of the methylamine analogs of the Peyrone and Magnus salts. Yield of the mixture & 2 g. Separation of 
this mixture in the usual way was very difficult, evidently because of the relatively close solubilities of [Pt(mCl),]} 
and (Pun,J[PtCl,). A sharp decrease in solubility of the analog of the Magnus salt was attained by separation from 

a solution of K,PtCly (common fon effect), For this purpose the mixture was treated with a solution of 0.4 g of 
K2PtCl, in 10 ml of water acidified with two drops of HCl. Then the mixture was heated on a boiling water bath 
with energetic stirring for five minutes and was quickly filtered. From the filtrate by cooling (best with ice) we 
precipitated light yellow crystals of methylamine diamine, They were filtered off and the filtrate was again poured 
onto a mixture of diamine with the analog of the Magnus salt. The operation was repeated three times, The result~- 
ing preparation was washed with alcohol and ether, Yield of methylamine diamine 1 g, and of the methylamine 
analog of the Magnus salt 0.7 g. Results of the analysis: 


For [Pt(mCl)}. Found %: Pt 59.5, 59.6, 59.7; Cl 21.70, 
For [Pun,JPtCl,). Found %: Pt 59.3, 59.2. Calculated %: Pt 59.5; Cl 21.62, 


The value for the molecular coiductivity of the methylamine diamine 15 minutes after beginning solution 
at V = 1000 and t = 25° was 5.36 ohm “cm? and 6,97 ohm~'- cm®, The structure was shown by the thiourea reaction 
of N. S, Kurnakov and the reaction of A, A, Grinberg and A, 1, Dobroborskaya (7}, 


The yield of methylamine diamine could be considerably increased and the corresponding Magnus salt de- 
creased if the synthesis were carricdout by cooling the reaction mixture with ice. In this case the reaction goes 
slowly, and the mixture should be filtered after four hours, Its yicld is % 2 g, and the [Pt(mCl),} 1.6 g. We can 
expect that the combination of the acetate method [2] with the synthesis from NagPtCl, will give a still greater in- 
crease in yield of methylamino diamine, ‘ 


3. Synthesis of cis-dichlorodihydroxylaminoplatinum [Pt(HxCl)]}. The synthesis was carricd out by the action 
on sodium platinite of a water solution of hydroxylamine which was prepared as follows: 1.5 g of hydroxylamine hy- 
drochloride was dissolved in 2 ml of water and 1 ml of 50% NaOH solution was added to ft. The resulting solution 
of NH,OH was added dropwise with energetic stirring to the above described solution of NazPtCl, (2 moles NH,OH 
per mole K2PtCly). After 5 minutes (if the synthesis was run at room temperature) or 15-20 minutes (with {ce cooling) 


a precipitate began to form. After two or four to six hours respectively, the precipitate was carefully sucked off and 
washed with 2 ml of ice water. It was a mixture of violct needle shaped crystals of the hydroxylamine analog of the 
Magnus salt and yellow needle shaped crystals of the corresponding diamine, For separation of these salts, the precipi- 
tate after filtration and washing with 1-2 ml of ice water was transferred to a beaker and treated with 5 ml of the 
above K,PrCl, solution acidified with a drop of concentrated HCl, The mixture was heated with energetic stirring on 
a boiling water bath for one minute and was quickly filtered. A voluminous, pale yellow, necdle shaped precipitate 
of hydroxylamine diamine separated from the filtrate when it was cooled with ice. The crystals of diamine were 
filtered off and the filtrate was added to the mixture which was again heated on a water bath, The operation was 
repeated 2-3 times, The resulting preparation was washed with alcohol and ether, The yield of dimaine was 0,3- — 
0.5 g and the yield of the analog of Magnus salt was 0.7-1.0 g. The yield of diamine was raised somewhat and the 
analog of Magnus salt was lowered if the synthesis was carried out with hydroxylamine acetate (acetate method), 

For this method we added to the solution of sodium chloroplatinite in 7 ml of water 1.7 g of hydroxylaminchydro- 
chloride and 1.9 g of sodium acetate (calculated at 2.2 moles NH,OH per mole of K,PtCl,), adding successively to 
solution of the solids, After 30 minutes a precipitate began to form in the resulting solution, and after 4-6 hours 

the reaction ended, The resulting mixture was separated as described above. Yield of diamine 0,5-0.6 g, and of 
analog of Magnus salt also 0.5-0.6 g. In the acetate synthesis we can obtain a further amount of diamine from the 
mother liquor if we lessen its acidity by neutralizing the excess acetic acid with 0.3-0.4 g of Na,CO,, 


The resulting preparation of (Pt(HxCl),] consists of light yellow crystals which do not need further recrystalliza- 
tion from acetone (6}. In carrying out an analysis for platinum (heating with sulfuric acid) and for chloride (fusing 
with soda) we must avoid large samples and heat carefully due to the energetic deomposition of the diamine, Ana- 
lytical results: 


For [Pt(HxCl),}. Found %: Pt 58.6, 58,5, 58.5; Cl 21.45, 21,60, 21.70, 
For [PtHx,j[PtCl,}. Found %: Pt 58.7, 58.8. Calculated %:; Pt 58.8; Cl 21.35. 


The value for molecular conductivity 15 minutes after beginning of solution at V = 1000 and t = 25° were 
11.62 and 11.25 otun!. cm®, The structure of [Pt(HxCl)] was confirmed by the thiourea reaction of N, S. Kumakov. 
Analysis of the resulting tuourea derivative with a yellow color gave the following results: 


Found ®; Pt 34.5, 34.4 
Calculated %: Pr 34.2. 


Thus we have suggested a new method for the synthesis fromm Na,PtCl, connected with the tenfold increase in 
prci?-, by means of which it is possible: 1, by the action of free methylamine to obtain successfully the corresponding 
cis-ciamine and by this same principle to eliminate the “methylamine anomaly®; 2. to obtain (Pt(tixCl),] very easily, 
precipitated along with the analog of the Magnus salt without hydrolysis products, 


We should note that, on the basis of the greater solubility of Na(PtPyCl,)” compared to K[PtPyCls] we have 
succeeded in hastening considerably the synthesis and raising the yield of the mixed diamine [PtNH,PyCh], first ob- 
tained by A, D. Gel’man (8), 


We believe that the principle of this method (increasing the concentration of the salt by replacing the fon K* 
by the fon Na*) will find use in other syntheses, 
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A SPECTROPHOTOMETRIC STUDY OF THE COMPOSITION 
AND STRUCTURE OF BROMIDE AND IODIDE COMPLEXES 
OF COBALT 


BR, Dzhurinskif and I. V. Tananaev 


Translated from Doklady Akademii Nauk, SSSR, Vol. 140, No, 2, 
pp. 374-376, September, 1961 
Original article submitted May 25, 1961 


The use of the nature of absorption bands as a property for physicochemical measurement has permitted us 
to obtain a number of results concerning the composition and structure of chloride complexes of cobalt in the crystal- 
line state and {n nitrate fusion [1], 


The present work {s devoted to a spectrophotometric study of crystalline fusion products from bromides and 
fodides of cobalt and the corresponding bromides and fodides of alkali metals, and also to establishing the composi- 
tion and structure of bromide and fodide complexes of cobalt in nitrate fusions, 


The method of measuring the absorption spectra of the crystalline substances was described previously (1}. In 
this work we used only chemically pure substances. Anhydraus CoBr, was obtained by heating CoBr, - 6H,0 ina 
stream of dry HBr to 500° (2}, Cobalt fodide was obtained by sublimation in a vacuum at 800° of the product of the 
reaction Co + Iz = Colz. Lithium bromide was dried with dry HBr passed through the melted salt. Anhydrous lithium 
fodide (3) was kindly given to us by K, T, Dudnikova. The operations for the preparation of mixtures of substances 
were carried out in a dry chamber, Fusion of cobalt fodide and its mixture with fodides of the alkalf metals was 
carried out in a hydrogen atmosphere. 


In Fig. 1 we give the absorption spectra of melts in the system CsBr—CoBrz and CsI-Col;, Curve 1a shows 
the visible region absorption for CoBr, which has an octahedral structure [4], There is a main maximum at 625 mp 
and a marked shoulder in the short wave part of the spectrum, The absorpticn spectrum of Cok {s not shown on the 
df{agram, Anhydrous cobalt fodide has an intensely black color eveh in thin layers, its absorption bands occupy the 
whole visible field of the spectrum and prevent clear structural details, _ 


_ Curve 2a refers to absorption of the melt of CsBr with CoBr, in the ratio 0.9, As is evident, the curve retains 
the character of the octahedral bands of CoBrz, but {ts maximum is shifted into the long wave region (635 my). In 
the spectrum of the 1 : 1 melt (curve 3a) there is a right shoulder in the region of 730 mp. All these results show 
the existence of an octahedral complex compound with the composition CsCoBr3, The appearance of the right 
shoulder in the spectrum of the 1 : 1 melt fs probably related to insufficiently accurate stoichiometric composition 
of the compound, CsCoBry crystallizes from the melt in the form of needle shaped emerald green crystals, which, 
in distinction from CoBrz, are comparatively stable to moisture of the air. The powder of CsCoBry changes during a 
day in air into a blue, hydrated form, 


Curves 4a and 1b refer respectively to the absorption spectra of melts of CsBr with CoBr, and CsI with Col, in 
the ratio 2:1. Since the qualitative structures of the spectra are not changed with increasing molar quantity of 
cesium halide in the melt (curves 5a and 3b) the melt 2 : 1 can be taken as an individual congruent complex com- 
pound Cs,CoHaly, According to the existing data [5], C)CoBr, has a tetrahedral structure. A similar structure is 
usually assumed for cobalt tetrafodide [6]. It can perhaps be said that the absorption bands with maxima at 670, 
700, and 725 my in the case of the bromide and at 710, 740, and 790 mp for the fodide are related to the tetra- 
hedral crystalline type. 


The systems RbBr—CoBr, RbI—Cok, (Fig. 2) and the systems KBr—CoBr,, KI—Col, (Fig. 3) are close to each 
other. In all cases there is formed a tetrabedral complex substance Me,CoHaly, The absorption spectra of the 
melts in these systems with respect to the components 1 : 1 have the pattern of octahedral and tetrahedral com- 


| 


plexes. Melts with a greater molar quantity of alkalf halide retain the spectral pattern of the tetrahedral complex, 
This fact shows the absence of compounds with coordination in the inner sphere, differing from the tetrahedral, 


J 


700 800 
Fig. 1. Absorption spectra of melts in the 
system CsBr rz (a) and Csl—Col, (b). 
Figures correspond to the following molar 
ratios CsHal/CoHak: 1a) 0; 22) 0,9; 3a) 
1; 4a, 1b) 2; Sa) 129; 2b, 3b) 27. 


Fig. 2, Absorption spectra of melts in the 
systems RbBr ~CoBr, (a), RbI~ Col; (b). 
Figures correspond to the following molar 
ratios of RbHal/Colialg: 1a) 1; 2a, 1b) 2; 
3a) 90; 2b) 3; 3b) 25. 


In the systems NaBr-CoBrz, NaIl~Col2, LiBr~CoBy, 
Lil-Col,, spectrophotometric complex compounds were not 
noted, Here, judging by the change in color of the crystalline 
phase in the sodium system at high temperature there {is formed 
a very limit solid solution in which cobalt fons are surrounded 
by added substances which are not octahedra and at lower tem- 
peratures the character of the surrounding material becomes 
octahedral, In the lithium systein solid solutions are probably 
also limited though they occupy a wider range of ratios of 
components. Here, in the region of greater concentration of 
; cobalt halides, solid solutions are formed directly with octa- 
™ & ica . hedral surroundings for the cobalt fon. In the region of greater 
600 concentration of the alkali halides there are first formed non- 

— octahedral solid solutions which when cooled undergo a trans- 


Fig. 3. Absorpticn spectra of melts in the 
system (a), KI-Col, (6). 
Figures correspond to the following molar 
ratios KHal/CoHal: 1a) 1; 2a, 1b) 2; 3a) 
100; 2b) 41. 


formation in the solid phase, 


These results and also the results of the previous work (1) 
clearly show that cobalt fons in the crystalline halide com- 
plexes can create around themselves both octahedral and _ 


tetrahedral coordination, 


The tendency to entry into octahedra quickly falls in 

the series F (7]-1 in view of the decreasing strength of the 
crystalline field. Together with this, in the same series there {s a decrease in strength of the Co—Hal bond, Actual- 
ly in the chloride system hydration, that {s,going over to the aquo complex, does not occur in a single tetrahedral 
complex (in air), In the bromide system KgCoBr, is hydrated. In the fodide system only CyCol, fs stable to moisture 
of the air. These facts show also the rapid decrease in strength of the complex compound in the series Cs—Na, 
Since the latter is not connected with a change in strength of the crystalline field, the idea of a contrapolarizing or 
screening action of the outer sphere cannot serve as an explanation of the change in strength of the complex. The 
decreasing strength of the complexes of cobalt halides in the series Cs—Na is probably explained by the increasing 
value of the crystal lattice energy of the alkali halides in the same series, 
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The data on the absorption spectra of crystalline 
complex compounds permit us to come once mote to an 
interpretation of the results of spectrophotometric measure- 
ment in nitrate fusions (8). From Figs, 1 and 3 (8) it is 
evident that with increasing concentration of alkali halides 
in the nitrate fusion which contains Co(NO,), the ab- 
sorption curve tends to attain the form characteristic of 
the tetrahedral complex, The stepwise complex formation 
and formation of the higher tetrahedral complex fon 
YF [Colial,)*~ are shown especially clearly in the differential 
350 00 18D curves of light absorptior shown in Fig, 4 (constructed 

from the data of [8]. As is evident, beth in bromide and 
Fig. 4. Differential absorption curves of 0.00248 M fodide systems there are formed three sorts of complex 
solutions of Co{NOy) in nitrate fusions which con- fons, Considering that the center of gravity of the ab- 
tain different amounts of KBr (a) and KI (b). The sorption band of the octahedral fon [Co(NO},}*- {s at. 
figures correspond to differences between the fol- 550 mu, of octahedral (CoBr,)*” at 625 my, of tetra- 
lowing pairs of molar concentrations of KHal: 1a) hedral [CoBr,J*~ at 725 mu, and of tetrahedral (Col,)*- 
1,000 and 0.319; 2a) 0,319 and 0,160; 3a) 0,160 — at 790 mp, the complex fons formed in the nitrate fusion 
and 0.000; 1b) 0.319 and 0.200; 2b) 0,200 and chould be assigned a tetrahedral structure ard the com- 
0.080; 3b) 0.160 and 0,080; 4b) 0.080 and 0.000, position ([Co(NO,),Br,}** (640 my); [Co(NO,)Br3)"~ (700 my), 

(720 mu), (possibly 640 my), 
[Co(NO,)I,]*~ (700 or 760 mp), (780 my). 
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In the study of the transformations of different typical compounds which contain cyclohexane, d!., or A - 
cyclohexane rings we often noticed differences in thelr behavior. Compounds of the A‘- and a? -cyclohexene series 
had many individual peculiarities which were absent in the corresponding compounds of the cyclohexane series {1, 2}. 
In continuation of the previous studies it seemed of interest to investigate the behavior of a-ketoncs of type I-III and 
X-X IIL under dehydration conditions so as to establish the effect on this process of the *-double bond and of sub- 
stituents fn the ring. 


The starting ketones X -XIII were obtained in high yield by hydration of the corresponding acetylene alcohols 
[1, 2] while the following hydrogenation of these ketones permitted their easy transformation to the corresponding 
compounds I-III, 


As a result of the dehydration of a ketones of the cyclohexane series I-III with P.O, in toluene (boiling two 
hours) the vinyl ketones IV-VI were formed, in which the presence of the grouping of a, 6 -unsaturated ketones was 
shown by study of the ultraviolet absorption spectra of their 2,4-dinitrophenythydrazones, At the same time, on 
catalytic hydrogenation of ketone IV we obtained the known ketone VII [3], and hydrogenation of ketones V and VI 
gave ketones VII-IX, The same ketones VII-IX were obtained by one of us (with V, Vidugirenc) in another way, by 
oxidation of the corresponding saturated secondary alcohols with chromic anhydride. It is evident that in the for- 
mation of ketones IV-VI the dehydration process precedes the {somerization of the a -ketone grouping in the starting 
compounds I-III (RCHOHCOCH, -» RCOCHOHC#H,) and the final result does not depend on the position of the sub- 
stituents in the cyclohexane ring. 


An entirely different picture {s found {n the case of the a-ketoncs with a 4? -cyclohexene ring X-XIIl, where 
the direction of the dehydration process is determined by the presence and position of methyl groups in the ring. Of 
these a-ketones only compound XI which has a methyl! group in position 2 is dehydrated like the a-ketones I-III, 
forming (best in the presence of p-toluene sulfonic acid) the vinyl ketone XIV which is hydrogenated to ketone VIL 
The presence in ketone XIV of only one double bond, conjugated with the carbonyl group, was confirmed by study 
of the ultraviolet absorption spectrum of Its 2,4-dinitrophenylhydrazone, On the other hand, ketone XIV was later 
synthesized by one of us (with V, Vidurgirene) by oxidation of the corresponding acetylene secondary alcohol with 
later hydrogenation of the triple bond in the presence of Lindlar catalyst [4]. Ketone X, which has no methyl group 
in the ring, is dehydrated by KHSO, at 160-210° and a low vacuum to form the previously known ketone XV [5] which 
contains two double bonds conjugated with the carbonyl group. On catalytic hydrogenation of this ketone we ob- 
tained ketone VII. 


Dehydration occurred in a different way in ketone XIII which has a methyl group in position 6, In distinction 
from the previous cases when heated with KHSO, at 160-210° in a low vacuum, we obtained two ketones, XVIII (yield 
about 30%) and XVI (yield about 5%). The structure of the latter compound was shown by study of the ultraviolet 
absorption spectrum of its 2,4-dinitrophenylhydrazone and the infrared spectrum of the ketone itself (the absorption 
hand at 1660 cm~ characterized the presence of a carbonyl group conjugated with two double bonds [5] and the band 
at 1560 cm” the presence of double bonds). Also, on catalytic hydrogenation of ketone XVI we obtained compound 
VIII, We should emphasize that on dehydration with KHSO, of ketone XII the corresponding diene of type XV-XVI 
{s not formed at all (it was not observed among the reaction products even spectrographically). In this case we ob- 
tain only the bicyclic ketone XVII analogous to XVIII 
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HOHCOCH, Stoluane 


The structure of ketones XVII and XVIII was shown as follows, The ultraviolet absorption spectra of their 2,4- 
dinitophenylhydrazones showed that the carbonyl group was not conjugated with a double bond, In the infrared 
spectra of these ketones there was a strong absorption band in the region 1745 cm~! which could be related to a 
ketone group in a five membered ring [7], Even with strong catalytic hydrogenation of both ketones they combined 


with only one molecule of hydrogen. The presence of a five membered ring in the bicyclic ketone XVIII was con- 
firmed by its Kizhner reduction with later aromatization on Pd/C, as a result of which we obtained the known 5- 
methylindane [8] which was then oxidized by 10% HNO, to 1,2,4-benzene ticarboxylic acid, characterized as {ts 
anhydride [S$], For an explanation of the position of the carbonyl group in ketones XVII-XVIII, the first of these was 
aromaticized with 1% palladium charcoal, after which the reaction product was {isolated as the 2,4-dinitrophenyl- 
hydrazene of 5-methylindanone XVII, in which, the judge by the ultraviolet spectrum (Amax 380-382 my), the 
carbonyl group {is conjugated with the aromatic ring. Hence the structure of these ketones can correspond to the 
formulas XV0I-XVOI of XVila-XVilla, For a solution of this question these ketones were first oxidized with KOI 
and then dehydrogenated with Pd/C to the corresponding aromatic compounds, whose oxidation with HNO, in both 
c2ses gave only m-phthalic acid. 


COOH 
a 1, KOKNaOH,CH,OH) 1, KOKNaOH,CH,OH) _ | 
2. Pd,C(340—250°) 2. 
O 3. 10°/,HNO,(180°) 


HOOC 
XVil XVill 


From these facts it follows that these ketones have the structure XVII-XVIII, since if they had formulas XVIa- 
XVIlla successive oxidation, aromatization, and another oxidation should lead to the corresponding p-phthalic and o- 


phthalic acids. 
It should be noted that ketone XVII was converted by us into the triene XXIII in good yield by the scheme: 


H H 
CH=CH KHSO, 


Na,NH, liquid 


R, 
HOHCOCH, OCH=CH, OCH,CH, 
Ry Ry 
EY 
R, ® 
ecid 
xiv 
R R 
ui XIX-XX 
XVil || XXil 
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The presence tn hydrocarbon XXIII of one isolated and two conjugated double boasts was confinned by the data 
of Raman spectrum of this compound; we found ewe lines, one with frequency 1666 cm™ and integral intensity about 
30 units and a second with frequency 1636 cm~ and integral intensity 300 units (9}, The properties of the compounds 
are given in the table, 


From a comparison of the results of dehydration of a-ketones of the cyclohexane and a -cyclohexene series 
{t follows that in both cases there {s first isomerization of the a-henes grouping and then formation of the carre- 
sponding vinyl ketone. However, in the case of a-ketones of the A’-cyclohexene series these reactions in most 
cases are accompanied by other transformations. Thus, if a methyl group is lacking in the cyclohexene ring, (ketol X), 
there is a further {somerization of the cyclic double bond from position 4° into A! with formation of the dienol (XV). 
When a methyl group {s present in position 6 (ketol XIII) of the cyclohexene ring, the isomerization of the double 
bond {s dominated by the process of cyclization which leads preferably to the formation of the bicyclic ketone XVIII, 
If the methyl group {s in the cyclohexene ring in position 4 (ketol XII) we obtain only the bicyclic ketone XVII. 
However, the presence of a methyl group in position 2 (ketol XI) makes difficult both {somerization of the double 
bond and the process of cyclization so that (as in the a-ketones of the cyclohexane series), the reaction semaine at 
the stage of formation of the vinyl ketone XIV, These differences in the behavior of a-kctones of the 4°-cyclo- 
hexene series are evidently due to structural factors, and also to steric characteristics of the cyclohexene ring. 
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There are many reports in the literature devoted to study of orfentation and reactivity in the benzene ring in 
reactions which are widely found in organic chemistry. Unfortunately, these questions have not been sufficiently 
studied in such reactions, often encountered at the present time in organic syntheses, ¢.g. reactions of alkylation, 
especially for the case of competing actions of several substituents. However, the explanation of the dominating 
. action of one of the substituents, depending on the electronegativity or volume {s not only of theoretical but also 
of definite practical interest for the synthesis of alkyl derivatives of a whole series of functionally substituted aro- 
matic compounds, 


In order to fill this gap we have taken up the study of alkylation reactions in a number of dihalogenated ben- 
zencs by propylene in the presence of sulfuric acid. We chose compounds in which the two substituents In the ben- 
zene ring were in the para-position to each other and had close similarity in electronegativity (for mutual com- 
pensation of their effect on electron shifts in the benzene ring), but different volumes: para-dichlorobenzene, para- 
chlorobromobenzene, and para-dibromobenzene, The last two compounds were synthesized by bromination of chloro- 
benzene and benzene, Alkylation was carried out by the usual method in the apparatus described previously [1] at 
temperatures above the melting point of the starting compounds (52-53, 66-67, and 86-87°, respectively), The al- 
kylation of para-dichlorobenzene was studied earlfer [2], In the present work we made a detailed study of the alkyla- 
tion of para-chlorobromobenzene and para-dibromobenzene by propylene and investigated the effect of changing 
different parameters on the maximum and optimum yields of the monoalkyl derivatives. We carried out experiments 
for all three compounds under the same conditions to compare the reactivity of the benzeue ring. 


In Table 1 we give the conditions of maximum yield of monoalkyl derivative for the three compounds, 


We should note that changing even one of these parameters, such as disturbing the ratio or raising the concen- 
tration of sulfuric acid (to 95%) causes a considerable decrease in size of yield of the monoalky! derivative for all 
three compounds, 


The regular decrease in yield of monoalkyl derivative in the order para-dichlorobenzene, para-chlorobromo- 
benzene, para-dibromobenzene is shown very conclusively by comparing the yields of monoalkyl derivatives in the 
reaction carried out under identical conditions for all three compounds. For this purpose, at a sulfuric acid con- 
centration of 92% we took: temperature 90°, duration of reaction two hours, rate of supplying gas 3 liters/hour. The 
molar ratio of reaction components and acid was 1:1: 1.5. Table 2 shows the results of these experiments, 


It is known that halogen atom in the benzene ring can introduce an electrophilic agent into the ortho and para- 
positions to it, and can make difficult the entry into the meta-position. In the case of para-disubstitution in the 
benzene ring, when both substituents are the same (Cl or Br), all the remaining four positions are equal: both ortho- 
positions to one substituent are meta-positions to the similar consituent and vice versa. Therefore the difference 
between the yields of monoalky] derivative in the case of para-dichlorobenzene and para-dibromobenzene can be 
explained only from the volume of the substituents; the reason for the lower yfeld of monoalky! derivative in the 


case of para-dibromobenzene is the spacial difficulty of entry of the isopropy] group into the neighboring spaces, 
comparing the volumes of the chlorine and bromine atoms, 


2 

q H 

é / 

3 

ae 

912 


TABLE 1, Conditions for Maximun Yfeld of Monoalkyl Derivative (Sulfuric acid concen- 
tration 92%, ratio of dihalogenated benzene : : 1:1: 1.5) 


Compound 
Conditions 


p-ClGH, p-BrCic,H, 


Temperature in °C 70 «| 70 
Rate of supplying gas 


in liters /hours 
Duration of reaction 


in hours 

Yield of monoaikyl 
derivative in %, calcu- 
lated on amount used 
Yield calculated on 
amt, reacting in % 


Content of monoalkyl 
derivative in alkylate, % 
Residue 


Yields of monoalkyl 
derivative in % 


Content in alkylate 

Residue on distillation 

Yield of theory calculated on taken amount 
of starting product 

Yield of theory calculated on reacting 
amount of starting product 


Compound @ MR 


2-Chloro-5-bromo- 1,3710 52,79 
isopropy lbenzene (53,49) 
2-Dibromoiso- 1,6105 ’ 49 
propy Ibenzene (55,69) 


Note; The theoretically calculated values are placed in parentheses, 


| | p-Br,.C.H, 
90 
1 2 2 i 2 2 i 2 2 
22,92] 21,8 | 22,94] 12,49] 12,28]12,55] 6,3 | 6,1 | 6,3 
73,6 |73,5 [52,7 | 74,2 [74,2 |53,5 [75 75 
22,53 13,2 ]13,8 | 14,11] 6,79 | 6,71 | 6,75 
8,44] 7,49)91,52] 6,811 4,2 | 7,33] 3,96 | 3,18 | 6,93 
TABLE 2, 
Starting compound 
= x 
| 
>) | 
a 
12,58 | 9,60 6.71 
4.61 | 4,25 3,18 
10.8 8.5 6.1 
57.9 | 67.4 15.0 
TABLE 3 
Halogen 
content, % 
48,85 
(49,4) 
56,58 
(57,49) 
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We note that the size of yield of monoalky! derivative of parachlorobromcbenzene occupies an intermed{ate 
place. It is of interest to determine the position of the isopropyl group in the ring, since here two fsomers are possible, 
in the product of oxidation of the monoalky! derivative we identified a substituted benzoic acid with melting point 
155-156" which corresponds to 2-chloro-5-bromobenzoic acid, Hence the {sopropy! group entered the position ortho 
to the chlorine atom. This is understandable, since the negative inductive effect (—1) on chlorine is greater (al- 
though small even so) than on the bromine (electronegativity of chlorine 3,0, of bromine 2.8, polarity of bond 
AC-Cl= 0.5, AC~Br = 0,3) and the volume of the chlorine atom is considerably less than the volume of the bromine 
atom; that fs, here the spacial hindrance and the eiectronegativity act together. The low yield of alky! product in 
the case of para-chlorobremobenzere compared to para-dichlorebenzene can be explained by probability factors: 
in the second case all four free positions are equal, while in the first such positions are only two (the ortho-positions 
to the chlorine atom), 


We note that the increase in unreacted starting product, though small, goes up in the order given in the table 
(yield of theory, calculated on reacting starting product). This {s probably explained by the difficuity of side reac- 
tions (sulfonation etc.) with increased volume of substituent. We can say incidently that the monoalky! derivative 
of para-chlorobromobenzene collected at 230-237° and of para-dibromobenzene collected at 242-247" by repeated 
distiilation boil off completely at 234-236" and 244-246", 


By their oxidation we obtained substituted benzoic acids with melting points 155-156 and 152-153° respectively. 
The first substance agreed with the melting point of 2-chloro-5-bromobenzoic acid, and the second with the melting 
point of 2-chloro-5-bromobenzoic acid, and the second with the melting point of 2,5-dibromobenzotic acid, 


Hence the compounds which were synthesized were 2-chloro-5 -bromolsopropy benzene and 2,5-dibromoiso- 
propyIbenzene respectively, and had the following constants (see Table 3), 
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In recent years there has been a large amount of work on addition of silane hydrides to different unsaturated 
compounds which contain functional groups, 


Unsaturated aliphatic and heterocyclic amines in reaction with silicon hydrides give the corresponding silico- 
organic amines. Thus silicoorganic compounds with amino groups in the organic radical are obtained [1] by addition 
of silane hydrides with tertiary unsaturated amines when the reaction {s initiated by benzoyl! peroxide or tert-butyl. 
perbenzoate 


It scemed of interest to us to study the addition of silane hydrides to allylamine, that fs, an amine with an 
open amino group. We added to allylamine: tiethylsilane, tripropylsilane, tributylsilane, dimethylphenylsilane, 
dicthylphenylsilane, methyldiphenylsflane, ethyldiphenylsilane, tiphenylsilane, and tricthoxysilane, The silane 
hydrides, obtained by the magnesium organic reaction, agreed in properties with the literature (2, 3}, 


Addition in the presence of chloroplatinic acid occurred according to the scheme: 


R3SiH 4- CH,—CHCH,NH, 


The properties of the resulting products are given {n the table, which shows that in the presence of chloro- 
platinic acid the silane hydrides with alkyl radicals on the silicon add to the allylamine with higher yields. Thus, 
trialkylsilanes add to allylamine with yields of 69-70% while diphenylethylsilane and wiphenylsilane add to allyl- 
amine under the same conditions with yields of 30%. 


For tributy!- y -propylaminosflane and triethyl-y -propylaminosilane we took the infrared spectra which showed 
that these products are primary amines, For tibutyl-y -propylaminosilane we determined by potentiometric titra- 
tion and Van Slyke analysis that we obtained a primary amine. Thus, addition of silane hydrides to allylamine occurs 
at the double bond of the allyl group away from the amino group. 


EXPERIMENTAL 
1, Triethyl-y -propylaminosilane. From 31 g (0.26 mole) of triethylsilane and 15 g (0,26 mole) of allyl- 
amine in the presence of 1 ml of 10% solution of chloroplatinic acid in absolute {sopropyl alcohol we obtained 28 g 
(yield 62%) of wiethyl- y -propylaminosilane. B.p. 81-83°/ 4 mm; njj 1.4523; dy’ 0.8321; MRp found 56.15; calcu- 
lated 56.54, 


Found %: C 62.31, 62.28; H 13,21, 13,25; Ni 9.31, 9.30. CyHsSIN, Calculated %: C 62.42; H 13.29; 
NH, 9.25, 


2. Tripropyl-y -propylaminosilane, From 22.1 g of tripropylsilane and 8 g (0,14 mole) of allylamine in the 
presence of 1 ml of 10% solution of chloroplatinic acid in absolute —s alcohol we obtained 9,02 g (yield 70%) 
of tripropyl-y -propylaminosilane with b.p. 106-108°/ 4 mm; nf§ 1.4560; dy 0.8288; MRp found 70.64; calculated 
10,79, 


Found %: C 66.94, 66.92; H 13,74, 13.63; NH, 8,03. CplhsSiN, Calculated %: C 69,99; H 13,49; NHg 7.44. 
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MRy viel, / 
e 
Compound B.p. °C/mm ‘ caleuy 
A 
ai—83/4 0,8321 | 1,4523 | 56,16] 56,54] 62,6 
| | 414560 | 70/64] 70,79] 54.2 
170-174.6 | 018291 | 1.4591 184.72] 84,68| 86,6 
| | 9799-2 | 019362 | 115162 | 62:40] 62,85] 27,0 
|  120—122/2 | 079356 | 1.5189 | 71,82] 71,85] 50,9 
| 206—207/7 | 110159 | 155721 182/60] 82,65 | 31,9 
9 | NHg -104'2 | 0,9474 | 1,4225 | 59,43] 59,18] 10,0 
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Fig. 1, 1. F. Spectra (a) tipropyl-y -propylaminosilane; (b) tri- 
butyl-y -propylaminosilane, 


3. Tributyl-y -propylaminosilane, From 54 g (0.27 mole) of tributylsilane and 18 g (0.27 mole) of allyl- 
amine in the presence of 1 ml of 107 solution of chloroplatinic acid we obtained 60 g (yield 86%) of uibutyl- y- 
propylaminosilane with b.p. 170-174" / 6 mm; aff 1.4591; dy’ 0.8291; MRp found 84,72; calculated 84,68, 


Found C 69.51, 69.68; H 13,57, 13.58; NH 6,33, 5.99. CyslH3SiN, Calculated C 70,00; H 13,61; 
NH ‘ 


Percent primary nitrogen: 5,99, 6.05 (according to Van Slyke); 5.25, 5.19 (potentiometric titration); calculated 6,22, 


4, Dimethylphenyl-y -propylaminosilane, From 23.8 g (0.17 mole) of dimethyiphenylsilane and 10 g (0,17 
mole) of allylamine in the presence of 1 ml of 10% solution of chloroplatinic acid in absolute {sopropyl alcohol we 
obtained 27 g (yield 70.1%) of dimethylphenyl- y -propylaminosilane with b.p, 97-99° / 2 mmz¢ 1.5162; dy’ 
0.9362; MRp found 62.40; calculated 62.85, 


Found %: C 68.40, 67.98; H 9,90, 9.85; NH 8,43, 7.26, CyHySiN, Calculated %: C 68.39; H 9,84; NH, 
8.29, 


5. Methyldiphenyl-y -propylaminosilane, From 26 g (0.13 mole) of methyldiphenylsilane and 8 g (0,14 mole) 
of allylamine in the presence of 1 ml of 10% solution of chloroplatinic acid in absolute isopropyl alcohol we ob- 
tained 10.7 g (yield 31.9%) of methyldiphenyl- y -propylaminosilane with b.p. 206-207" / 7 mm; nf 1.5721; dy? 
1,0159; MRp found 82.60; calculated 82.65, 


Found %: C 75,18, 75.21; H 8.23, 8.17; NHg 5.3, 6.4. Cylh,SIN, Calculated %: C 75,29; H 8.23; NH, 6,27, 


6, Diethylphenyl-y -propylaminosilane, From 82 g (0.5 mole) of diethylphenylsilane and 28.5 g (0.5 mole) 
of allylamine in the presence of 1 ml of 10% solution of chloroplatinic acid in absolute isopropyl alcohol we ob- 


tained 55.25 g (yield 50%) of diethylphenyl- y -propylaminosilane with b,p. 120-122°/ 2 mm; nf 1.5189; d3? 
0.9352; MRp found 71.82; calculated 71.85, 
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Found: C 70.65, 70.65; H 10,61, 10,60; NH, 7.76, 7.58. CythsSiN, Calculated %: C 70,58; H 10,40; 
NH, 7.23. 


1, Ethyldiphenyl-y -propylaminos{lane, From 37,2 g (0.17 mole) of ethyldiphenylsilane and 10 g (1.17 mole) 
of allylamine in the presence of 1 ml of 10% solution of chloroplatinic acid in absolute isopropyl alcohol we ob- 
tained 15.5 g (yield 32.7%) of ethyldiphenyl- y -propylaminosilane with glass forming point 12°, 


Found C 75,77, 75.81; H 8.54, 8,78; NH, 6,04, 6.12, Calculated %; C 75.83; 8.55; Nit, 5.9, 


8, Triphenyl-y -propylaminosilane, From 32 g (0.12 mole) of triphenylsilane and 14 g (0.24 mole) of allyl- 
amine in the presence of 1 ml of 107 solution of chloroplatinic acid in absolute {isopropyl alcohol we obtained 12 g 
(yield 30.4%) of tuiphenyl-y -propylaminosilane with m.p, 99-100°, 


Found %: C 79.15, 79.16; H 7,24, 7,23; NHg 5,21, 4.92, CayH23SIN, Calculated %; C 79.51; H 7,25; NH, 5.04, 


9, Tricthoxy-y -propylaminosilane. From 23 g (0,14 mole) of triethoxysilane and 8 g (0.14 mole) of allyl- 
amine in the presence of 1 ml of 107 solution of chloroplatinic acid in absolute {sopropyl alcohol we obtained 3 g 
(yield 10%) of triethoxypropylaminosilane with b.p, 103-104°/ 2 mm; ny 1.4225; d’ 0.9474; MRp found 59.43; 
calculated 59,18, 


Found %: C 48.83, 48.73; H 10,34, 10,33; NH, 7.15, 7.06, Colt,,0;SiN, . Calculated %: C 48.86; H 10,40; 
NH 7,21, 
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A study of the general path of synthesis of different types of depsipeptides was undertaken by us some years ago 
in connection with the interest which developed to a great extent in this new class of compounds [2]. At the present 
time we have worked out general methods for building the deps{peptide chain with regular and frregular distribution 
of residues of optically active a-hydroxy~- and a-amino acids, and have also shown the possibility of closing the 
Linear depsipeptides into cyclic ones, 


For the synthesis of regularly arranged linear depsipeptides of type (VII) we have chosen the path of using com- 
pounds with residues of a -amino acids (I) and a-hydroxyacids (II) protected by ester bonds, with later removal in the 
esters (1M) of either one (X) or the other (Y) protective group and then combining the resulting fragments (IV) and 
(V) by amide bonds with the formation of tetradepsipeptides (VI). Further buliding of the depsipeptide chain was 
carricd out by repeated creation of these amide bonds, ' 


XX'NCHRCOOH + HOCHRCOY XX‘NCHRCOOCH ROOY 


(I) (il) | 
X X’NCHRCOOCHRCOOH H,NCHRCOOCH ROOY 
(ivy) | L (Vv) 
HCHRCO) OCH RCO,CHRCONHCHRCO,CHRCOY 
(VI) (Vil) 


= X =H, X’ = Cho; ¥ = OCH,Ph of OCHACN 


We found that the carboxyl of the hydroxyacid component could be well protected by benzyl groups which were 
removed by hydrogenation, and sometimes also by easily hydrolyzed cyanomethyl groups. For the protection of the 
amino groups of the amino acid components it was found su{table to use phthaloyl and carbcSenzoxy groups, since 
the first could then be removed by boiling with a 1 M solution of hydrazine hydrate and the second with hydrogen 
bromide in glacial acetic acid under the usual conditions of the peptide synthesis; finally the carbobenzoxy group 
could also be removed by hydrogenation, 


TABLE 1, Compounds of the General Formula HOCHRCOY (II) 


Found, (calculated, ® 
20 
{EtOH} 


= 
Yield, % 


No, R Y 


CHMe, | OCH,Ph] De 69.57 | 7,69 | 69,28] 7.7% 
2 | CHMe, | | [145—167] 1100 | 69,72 | 7359 | 69,28] | 
3 | CHMe, | —16.5 

| CHMe, | OCH,CN*] pe [120-131] 53,22 | 7,23 | 53,49] 7,06 60 
5 Me OCH Ph] DE 125165 wo | | | 5S 
‘ Me OCH Ph] 115150 | 15.4] 6.71 | 6:87 | | 


* The ester was obtained with chlorcacetonitrile under the usual conditions, 
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The formation of an ester bond In the synthesis of compounds of type (III) occurs with sufficient difficulty if 
the hydroxy! group of the a-hydroxyacid/component {s secondary, as occurs in most natural depsipeptides, In this 
case, many of the often used methods for acyJating alcohols cannot be employed, and for the creation of ester bonds 
we must have strong activation of the carboxyl group of the acylating amino acid component, which {s accomplished 
by transforming {t into a mixed anhydride or acid chloride. Sometimes it {s also necessary to activate the hydroxyl 
group of the a-hydroxyacid component, for example, by preparing the magnesium halide alcoholate, We created 
the ester bond by acylation of the hydroxyl group of the hydroxyacid component (II) with a mixed anhydride ob- 
tained from the N-acylamino acid (1) by the action of benzene sulfonyl chloride in excess pyridine (2 hours, 0°; 
method A), by the anhydride of the N-acylamino acids in the presence of sulfuric acid (boiling for two hours in ab- 
solute benzene or ether; method B), by the acid chloride of N-acylamino acids in the presence of an equimolecular 
amount of pyridine (in absolute benzene or ether, two hours at 0°; method C), and also by the action of the same acid 


chlorides on magnesium halide alcoholates obtained by the action of EtMgBr on (II) in absolute ether (0°, then boil- 
ing two hours; method D).° 


As the hydroxyacid component (II) we chiefly used the benzyl esters of racemic and optically active a -hy- 
droxylsovalcric ** and lactic acids, obtained by passing HCI through a solution of the acid in absolute benzyl al- 
cohol; the constants of the esters which were synthesized and the yfelds are given in Table 1, As the emino acid 
component (I) we used racemic and optically active phthaloy! valine, carbobenzoxyvaline, and the anhydride and 
acid chloride of phthaloyl valine.°** The constants and yields of the synthesized esters of type (III) and also 
compounds of types (IV) and (V), obtained by removal in ester (III) of one or both protective groups by the above 
mentioned methods are given in Table 2. 


To demonstrate the optical purity of compounds of types (III)-(V) we removed the protective groups from 
them and the resulting esters with free carboxyl and amino groups were submitted to acid hydrolysis with later separa- 
tion of the optically active @-amino and a -hydroxy! acids, whose optical purity was then tested with the corre- 
sponding enzymes (D-am{nooxidases, dehydrogenases), 


For addition of fragments of (IV) and (V) to the amide bond we used the acid chloride method (E), carricd out 
with the use of EtyN or pyridine, the method of mixed anhydrides (F), using CICO,Et, and the azide method (G), In 
all cases, the reaction was carried out under the usual conditions of the peptide synthesis, The characteristics and 
yields of the protected tetradepsipeptides synthesized and also of the tetradepsipeptides with free amino and carboxyl 
groups obtained after removal of the protective groups, are given in Table 3, The optical purity of the latter was 
shown by their partial alkaline hydrolysis leading to selective splitting of the ester bond and formation of a compound 
of the type HOCHRCONHCHRCOOH, the thermal cyclization of which gave substituted morpholines, On the other 
hand, complete hydrolysis with acids, with later determination of the optical purity of the amino and hydroxyacids 
(see above) also confirmed the absence of marked racemization in the synthesis of the tetradepsipeptides, Analog- 
ously to the preparation of the teuadepsipeptides (V1) we carried out the transformation of these to the octadepsi- 
peptides (VII, n = 3), whose characteristics and yields are given in Table.3, In the latter we also give as an exam- 
ple one of the tridepsipeptides with irregular structure (VIII, X = X' = H; Y = OH), Synthesized from carbobenzoxy- 
valine and the benzyl ester of valy thydroxyisovaleric acid with later hydrogenolysis, 


Cyclization of the linear depsipeptides was best studied in the example of D-D-D~—D tetradepsipeptides (VI; 
X = X' = H; Y = OH; R= R’ = CiiMe) using the acid chloride method (0°, absolute benzene, EN, dilution 0,001 
M/liter); the characteristics of the cyclotetradepsipeptide are given in Table 3, 


LITERATURE CITED 
1, M, Mz, Shemyakin et al., Chemistry of Antibiotic Substances [in Russian) (Moscow, 1961), p, 1161. 
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* In obtaining optically active compounds of type (III) from phthaloylamino acids we cannot use method A, since 

it leads to racemization, 

* * D- and L-hydroxyisovaleric acids were obtained with 75-80% yields using D- and L-threo-1-(p-nitrophenyl)-2- 
amino-1,3-propanediol, 

°° * The anhydride of D-phthaloyl valine was obtained using dicyclohexylcarbodlimide, m.p. 101-102, and the acid 
chloride by the action of m.p. 120-122°, [a]°"+88.5° (c 1 in CHCl). 
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Crganometallic peroxide compounds are a new class of highly reactive chemical compounds, In a recently 
published review of the methods of synthesis and the reactions of such compounds [1], {t {s pointed out that peroxides 
of the type RaMOOMRapy where R fs a hydrocarbon radical and M is a metal, are known only for cadmium, silicon, 
and germanium, We felt that it would be interesting to carry out similar investigations of such peroxides of other 
organometallic compounds, 


The present communication reports the results of an investigation of tiethyltin peroxide —-(Q,H,),SnOOSn(C, Hs) — 
which we were able to synthesize, 


Synthesis of triethyltin peroxide was accomplished by mixing equimolar amounts of triethyltin oxide and an- 
hydrous hydrogen peroxide in solution in absolute ether and in the presence of anhydrous sodium sulfate. The reac- 
tion was carried out at room temperature in a completely sealed glass apparatus, which was so constructed as to 
permit vigorous shaking. After brief ayitation of the reaction mixture, the precipitate was separated from the solution 
by filuation. A new portion of anhydrous sodium sulfate was added to the filtrate, and the ether was then distilled at 
room temperature and under reduced pressure, A small amount of carefully dried hexane was then added to the residue 
in the flask, and this mixture was again shaken for 2-3 minutes. The precipitate, which contained the sodiwm sulfate, 
was separated from the solution by filuation, The hexane was distilled from the filtrate at room temperature and 


under reduced pressure. A viscous, golden yellow liquid remained {n the flask, Investigation of this material showed 
it to be triethyltin peroxide, 


The formation of triethyltin peroxide took place according to the reaction: 


The purpose of the addition of anhydrous sodium sulfate to the reaction mixture was to tle up the water liberated 
in reaction (1), 


The tin content of the tiethyltin peroxide samples prepared during this investigation was 53.6% (53.5% is theo- 
retical), The molecular weight, determined by freezing point depression of benzene, was 443 (the theoretical value 


is 443.4), These experimental values are averages of three determinations, the results of which agreed closely among 
themselves, 


Triethyltin peroxide is very readily hydrolyzed by water without heating in accordance with the reaction 
+ 2H,0 + (2) 
It was found possible to use this reaction to analyze for active oxygen content of the samples under investiga- 


tion by titrating the solution with permanganate. Analysis by this mcthod revealed that our samples were pure tri- 
ethyltin peroxide (100-101% active oxygen, calculated on triethyltin peroxide), 


Triethyltin peroxide is a very unstable compound, and even at 0° it completely decomposed over a day's time 
with the formation of liquid and solid products. Decomposition in a sealed glass tube at 60° was extremely vigorous, 
and an explosion ensued after 2-3 minutes heating, When the reaction was carried out in n-nonane, the rate was 
considerably lower, and the process proceeded smoothly, It is satisfactorily described by a kinetic equation for a 


first order reaction (according to the active oxygen determinations), as may be seen in Fig. 1. These and all sub- 
sequent experiments were carried out in sealed glass tubes, from which the air was first removed. 


A white precipitate, insoluble in the usual organic solvents, separated from solution during the course of this 
reaction, The precipitate was identified as diethyltin oxide by its tin content, A second product of the thermal de- 
composition of tricthyltin peroxide remained in solution, This material was ethoxytricthyltin, This compound was 
identified by its boiling point (190-195°), by its ability to undergo hydrolysis by water with the formation of triethyl- 
tin monohydroxide, and by its molecular absorption specuum, The decomposition of 1 mole of triethyltin peroxide 
under the above conditions was accompanied by the formation of 0,93 mole (average of two experiments) of diethyl- 
tin oxide and 0.98 mole {average of Uuee experiments) of ethoxytriethyltin, 


qo hours 


Fig. 1, Thermal decomposi- Fig. 2, Thermal decomposition of Fig. 3. Oxidation of hexaethyl- 
tion of tricthyltin peroxide at triethyltin peroxide at different tem- ditin by oxygen in n-nonane so- 
40° in n-nonane solution, peratures Jn n-nonane solution, Cur- . lution, Initial concentration of 
Lines 1, 2, and 3 correspond ves 1, 2, 3, 4, 5, and 6 correspond to hexaethylditin, 20 mole ‘hs oxygen 
to initial peroxide concen- temperatures of 20, 30, 40, 50, 60, pressure, 300 mm Hg. 

trations of 0.11, 0.20, and and 80°, Initial peroxide concentra- 

0.66 mole/liter, respectively, tion, 0.11 mole/liter. 

a = C/Cy. 


The rate of the thermal decomposition of tiethyltin peroxide {n n-nonane solution increased with an increase 
in temperature. The value of the apparent activation energy of this reaction, as determined from the experimental 
data shown in Fig. 2 in the form of kinetic curves, was 14 kcal, The addition of triethyltin peroxide initiated 
polymerization of acrylonitrile, which indicates that the decomposition fs a free radical process. This conclusion was 
also confirmed by the fact that the decomposition is induced, as appears from the increase in the rate constant for 
this reaction with an increase in the initial concentration of the peroxide, as is apparent in Fig. 1. 


The mechanism of the decomposition of triethyltin peroxide can therefore by represented by the following 
equations: 


SnOOSn (CzH5)s 2 SnO (3) 

(CaHs)s SnOOSn (CzH5)a (Cals) SnO SnO 

(CaHs)s SnO SnOOSn (C3Hs)s 2 (CaHs) SnO ++ (CaHs)s SnOC,Hy (6) 


Une. conditions such that the concentration of radicals is quasi-stationary, their destruction by Reaction (6) 
guarantees that the reaction is first order with respect to triethyltin peroxide, 


Triethyltin peroxide reacts with hexaethylditin at a high rate, even at room temperature. The sole product of 
this reaction was wiethyltin oxide, which was identified by boiling point, by its ability to undergo hydrolysis by water 
with the formation of triethyltin monohydroxide, and by its molecular absorption spectrum, The decomposition of 
one mole of triethyltin peroxide in hexaethylditin yielded two moles of triethyltin oxide, 
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+ (CaHs)s Sn —» (CH SnOSn (9) 


Triethyltin peroxide may be formed as an intermediate product in the reaction of hexaethylditin with oxygen. 
An attempt to detect this compound In the reaction mixture after partial oxidation of hexaethylditin was unsuccessful, 
which may have been due to the high rate of the interaction of tricthyltin peroxide with hexaethylditin, However, it 
was found that the addition of trlethyltin peroxide substantially accelerated the oxidation of hexaethylditin by oxygen. 
The results of these experiments are shown in Fig. 3. Curve 1 in this figure relates to the reaction at 50°, and Curve 
2 presents the results of an analogous experiment, but in which tiethyltin peroxide {n an amount of about 0.4 mole 
of peroxide per mole of hexaethylditin was added to the reaction mixture 45 minutes after the beginning of the re- 
action, Curves 3 and 4 present the results of analogous experiments caztied out at 60°, All of these experiments were 
carried out by a previously described method [2, 3} 


It has previously been established [3] that the oxidation of hexaethylditin by oxygen is accompanied by the 
formation of diethyl- and tiethyltin oxides, Special experiments showed that diethyl- and triethyltin oxides, as well 
as ethoxytriethyltin, have no effect on the oxidation of hexaethylditin by oxygen, and are not oxidized themselves. 
Consequently, the acceleration of the oxidation of hexaethylditin by oxygen which occurred when triethyltin peroxide 
was introduced into the reaction mixture was due solely to this peroxide or to radicals formed by its decomposition, 
and not to the end products of its conversion. Moreover, this acceleration indicates that the reaction of triethyltin 
peroxide with hexacthylditin, described above, was accompanied by the formation of radicals which initiated oxida- 
on of the hexacthylditin by oxygen by the chain mechanism which we previously established. 
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SYNTHESIS OF POLYMERS WITH CHARGED HETERO ATOMS 
IN MACROMOLECULAR CHAINS, ONIUM POLYMERIZATION 


A. A. Berlin and E. F. Razvodovskil 


(Presented by Academician V, N. Kondrat’ev, May 6, 1961) 
Translated from Doklady Akademii Nauk, SSSR, Vol. 140, No. 3, 
pp. 598-600, September, 1961 


Up to the present time, the synthesis and investigation of the properties of polymers with charged hetero atoms 
in the main chain have not attracted the proper attention of scientists. 


Moreover, the development of such work could lead to the creation of a large cumber of new classes of poly- 
meric substances possessing very intercsting combinations of electrical, magnetic, electrochemical, catalytic, and 
other properties, Data on the chem{stry of onium compounds (1] as well as several papers on the preparation of 
polymers with quaternary ammonium [2, 3) and pyridinium (4) groups form a basis for the development of methods 
of synthesis of such polymeric materials, Whether it is possible in principle to prepare “onium polymers” was in- 
vestigated in the present work through a study of the polymerization of 4-chloropyrxsine —a substance containing a 
nucleophilic nitrogen atom and a labile halogen, When 4-chloropyridine (XII), freed from traces of pyridine, was 
heated at 50-60° and also when it was merely allowed to stand at 20°, a yellow-brown polymeric product was formed, 
A comparison of the elemental analyses of monomeric XII and polychloropyridine showed that there was no elimina- 
tion of any atoms or groups during the course of heating or irraviation (sce Table 1), In contrast to monomeric chloro- 
pytidine, the polymer contained 90% of its total chlorine as titratable, fonic chlorine. The average number degree of 
polymerization as determined from terminal chlorine and nitrogen was 8 to 14 (Mz, = 912-1600), An investigation of 
the infra red spectra of the products showed a sharp increase in absorption in the £02 cm~! region as compared to the 
spectrum of pyridylpyridinium chloride, which indicates the presence of para substitaticn. The spectrum also had 
maxima in the interval 1360-1310 cm“, which are absent from the spectrum of 4-<ch!cropytidine and which corre- 


spond to the presence of —C - NC bonds; there was also a sharp weakening of the fequencies characteristic of 
— C Cl bonds, 


Thus, the elemental composition and the spectroscopic data suggest that our procuct was a polymer containing 
chloropyridine units and terminal chlorine and nitrogen atoms. The formation of sock polymers apparently proceeds 
by a stepwise mechanism througn a stage of fonized complexes and charge transfer (1) leading to the dimer (II), The 
lability of the termizal halogen in II {s sharply increased as a consequence of the highly electrophilic nature of the 
positively charged nitrogen. In view of this, further development of the chain takes place by migration of the ter- 
minal halogen to the nitrogen of the 4-chloropyridine. 


Chain growth {s also possible through block polymerization of reactive macromolecules of the type of IIL, This 
process leads to the formation of fractions of higher molecular weight. However, under the experimental conditions 
used in this work, the portion of such fractions could hardly be large both as a consequence of the lower reactivity 
of the terminal nitrogens of III and as a consequence of the cage effect at the high viscosity of the system at high 
degree of polymerization, 


TABLE 1, Composition of Polychloropyridine and Chloranil— y ,y*-Dipyridyl Copolymer 


C, N, % cl, % 
calcu- balcu- 
Hated lated lated 


Substance found 


4-Chloropyridine 53,01 | 52,86 12,31 | 12,33 | 34,04] 31,27 
52,77 | 52,86 12°13] 12,33 | 34,10 | 31,27 
with 20% 55,07 13,52 25,72 
-Dipyridy 


chloranil et (30 
lution 154,38 95,93 9,68 110,09 ! 22,47] 25,42 


* Calculations carried out on the assumption that the polymer unit had the following 
formula: Cagllys x ONLly, 


The above concept of the mechanism of the polymerization of XII {s supported by the sharp acceleration of 
the process observed when 0.5-2% of a compound containing a labile chlorine atom (chloranil, polymeric XII) was 
added to the monomer, Chain termination during polymerization of XII cap take place by the interaction of the 
terminal halogen with organic or inorganic bases or by its inactivation as a consequence of hydrolysis of the salt of 
the polymeric pyridine. As a matter of act, lower-molecular-weight products which do not contain a terminal 
halogen are formed during polymerization of 4-chloropyridine in the presence of pyridine (see Table 1). 


O 


The product of the polymerization of XII, carefully freed from pyridine, is quite hard, retains its yellow-brown color 
during storage, and {s soluble in water, and aqueous methyl alcohol, and pyridine, The polymer {s not soluble in the 
usual organic solvents (alcohol, acetone, doxane, dimethylaniline, hydrocarbons, etc.). 


Polypyridinium chloride, which was synthesized from 4-chloropyridine and pyridine (4 : 1 by volume), {s soluble 
in water, pyridine, and methyl alcohol and Is somewhat less soluble in ethyl alcohol, Storage of this polymer in 
the light led to a change in the color from brown to dark green. The polymer of XII began to decompose at 1.0-165°, 
When freed of monomer, freshly prepared polymer and also polymer which had been stored in the absence of moisture 
gave a narrow electron paramagnetic resonance signal similar to that which has been assigned to macromolecules 
with a system of conjugated bonds (5, 6}. The content of paramagnetic particles in such polymers of 4-chloropyridine 
is 3.8 - 10" per g; the q factor fs 2.00, and the signal width is 6 oe, The paramagnetism of polypyridinium chloride 
{is apparently due to high-molecular-weight fractions containing stable macroradicals (6}, The formation of such 
paramagnetic particles is all the mare probable, since the presence in the chain of conjugation of positively charged 
nitrogen atoms facilitates unpairing of the # -electrons and delocalization of them along the chain of the macro- 
molecule, It should be remarked that no e.p.r. signal is observed for polymers stored in aqueous solution and later 
precipitated by means of acetone. Such polymers contain a significantly lower amount of titratable chlorine, Under 
these conditions, hydrolysis of both the terminal halogen and of the salt bonds takes place, which leads to the for- 
mation of (4-pyridyl)-4-pyridone (4) units at the end of the chain and of pyridinium base nnits inside the chain, Such 
reconstruction of the molecules leads finally to a transition from macroradical structures to valence-saturated dia- 


magnetic compounds; 


The principle of onium polymerization can also be used for the preparation of different copolymers, An example 

of “onium copolymerization™ {s the synthesis of copolymers by the interaction of y,y*-dipyridyl with chloranfl, 
This process was carried out both in solution (toluene) and in the melt at 130°, The resulting dark brown product was 
partially soluble in methyl alcohol, pyridine, and water, and the portion of soluble fraction was higher for the mass- 
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TABLE 2, Electrical Conductivity of Polychloropyridine and of the Dipyridy!—Chloranil 
Copolymer Compared to That of 4-Pyridylpyridinium Chloride Hydrochloride 


Type compound S309 JE» kcal/mole 


4-Pyridylpytidinium chloride hydrochloride 3-10°3 35.8 
Polychloropyridine 10°? 18.2 
Dipyridyl—chloranil copolymer (solution 10°? 21,7 

polymerized) 


Note, The samples were not vacinun treated before the conductivity measurements, 


polymerized product. Libezation of HCl occurred when the polymer was dissolved in concentrated H,SO, Silver 
chloride can be precipitated from solutions of the soluble fractions. The polymer gives a symmetrical e.p.r, signal 
corresponding to 5 « 10! * paramagnetic particles per gram; the q factor {s 2,00, and the signal width is 8 oe, Data 
obtained by elemental analyses (Table 1) suggest that under the experimental conditions used, it fs mainly the three 
reactive halogens which react. This {s also indicated by the fact that an insoluble fraction is formed during both 
solution and mass polymerization, The infrared data confirm this, since it was found that the infrared spectra retained 
the frequencies characteristic of quinone carbonyls, and lines due to C—Cl bonds decreased in intensity. 


These onfum polymers have an increased electrical nn which sharply increases with an increase in 
temperature (see Table 2), 


The authors express their appreciation to E, 1, Balabanov for determination of the electrical propertics of the 
onfum polymers, 
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Cyanine dyes, the chromophore group of which consists of a conjugated chain of carbon atoms terminated at 
each end by a nitrogen atom [1], have now been rather widely studfed [1], Dyes of this type have found rather wide- 
spread application as spectral sensitizers of silver halide emulsions, It appeared to us that it would be interesting to 
study routes for the synthesis of similar dyes in which the conjugated system {s terminated by a nitrogen and a as 
phorus atom (II) or by two phosphorus atoms (Ila): 

mire 


We found that phosphonium salts of the type of compound III, which contain an active methylene group, are 
capable of reacting rather readily with p-dimethylaminobenzaldchyde to form dyes siinilar to styryl dycs: 


cr 
4 
c=0 


(iv) 


Thus, for example, triphenylphenacylphosphonium chloride (111, R= - 
= C.Hs) when heated in a medium of acetic anhydride readily forms 

a phosphostyryl dye (IV, R = CgHs) having an absorption maximum at 
450 my in alcoholic solution, Table 1 presents optical and analytical 
data on the phosphostyryl dyes prepared in the present work, 


Further, we aiso established that 2-(6 -methylmercatoWinyl 
derivatives of heterocyclic bases (V) also rather easily form dyes by 
interaction with triphenylphenacylphosphonium chloride. 


The reaction by which the phosphocyanine dyes (VI) are formed 
takes place readily when the starting materials are heated in a medi- 
um of pyridine to which has been added triethylamine and acetic an- 
Absorption curves of alcoholic solution : hydride. The reaction is accompanied by the formation of a by- 

1) Phosphostyrene (IV, R~ C.Hs); Il) phos- product dye as a consequence of the great tendency toward auto- 
phocyanine (V, Z is an N-ethyl-5- condensation exhibited by the original 6 -methylmercaptoviny] deriva- 
methoxy -6 -methylmercaptobenzothiazole tives of the heterocyclic base (V), Purification from the by-product 
radical), was accomplished by chromatography or by repeated recrystallization 
from alcohol, Phosphocyanine dyes of a similar type are formed by 


/ \ 
i/ \\ 


a 


a 


zs 

(vi) 


k 


the condensation of 2-(8 -methylmercapto) vinyl derivatives of heterocyclic bases (V) with triphenylcarbethoxymethyl- 
and triphenylacetonylphosphonium salts (II, R= OC,Hs; R = Cllj), An attempt to use 2-formylmethylenebenzo- 
selenazoline for the synthesis of phosphocyanines was not successful; when it was heated with tiphenylacetony‘phos- 
phonium chloride in acetic anhydride, only the autocondensation product was formed-a symmetrical selenacarbocy- 
anine; this was indicated by the appearance of only one absorption maximum (560 my) on the absorption curve of 


the reaction mixture. 
Table 2 presents some data on the phosphocyanine dyes prepared {n this work. 


A study of the optical properties of these dyes showed that they absorb {n the near visible region of the spec- 
trum with an absorption maximum in the region of 460-488 mu. The absorption curve of an alcoholic solution of 
the phosphostyryl dye (IV, R = Cells) is somewhat diffuse with a broad maximum at 450 my (figure). The absorption 
curve of an alcoholic solution of the phosphocyanine has a sharper absorption maximum, the sides of which drop off 
sharply in both the long-wave and short-wave regfons of the spectrum (figure). 


We also synthesized one of the representatives of the phosphinine class of dyes, the conjugated system of which 
{s terminated on each end by phosphorus atoms, The interaction of triphenylcarbethoxymethylphosphonium chloride 


dine 


a 
-- 


with 1,1',3,3' -tetraethoxypropane in a medium of pyridine gave a good yield of a dye with an absorption maximum 
at 446 mp. On the basis of the analytical data, the suucture (VII) may be assigned to this compound, 


As a result of our investigations, we have developed several routes for the synthesis of new classes of poly- 
methine dyes—phosphostyryls, phosphocyanines, and phosphinines—and have prepared individual representatives of 
these classes of dyes, The question of the localization of the positive charge in the conjugated system of the phos- 
phocyanines would make a subject of great interest for future study. In contrast to the cyanine dyes, in which the 
conjugated system {is terminated at each end by atoms of the same element which leads to more or less uniform 
delocalization of the charge along the conjugated chain, the phospnocyanines have ¢ifferent atoms at the ends of 
the conjugated system, and this should lead to a preferred localization of the charge on one of the two atoms: 


+ + 


We should remark that recently Van Dormael reported the preparation of cyanine dyes in which the conjugated system 
is terminated by a triphenylphosphoninecyclopentadieny lide residue, but the method of synthesis was not described [2], 
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TABLE 1, Phosphostyryl Dyes 


Compound 


P content, 


Ncontent, % 


= 


caicu; 
lated 


found 


calcu- 
lated 


(CoH) 


clo, cH, 


4,91 


5,06 


2,28 


2,28 


Compound 


[ = CO} cio, 


clit, 


(CH), = TO -CiO, 
rf 


(C,H), = P-C-CH-CH.| 
‘ 
| 

GH 


(CH), = P-C=CH. 


= 
| == 
-< 450 | | 44,0 
du, 
TABLE 2 
| ax| 2/83) 283] 
S| 3 2 
3418 8 
4600{ — | — | -- | — |4,77]4,83] 30,0 
420 | 4,841 4,95] 2,6812,26] — | — | 36,6 
450 15,17|5,33|- — | — |4,98]5,32| 31,0 
406} — | — |2,10/1,95] — | — | 35,2 
488 | 4,43] 4,55] 2,50] 2,08] — | — 32,7 
cw, 
= P—C-CH—CH -CH—C—P (GIs 416 |7,05]7,441 — | —| —] — 30,5 
ont 
dct, 
930 


We present below some examples of the synthesis of phosphocyanine dyes, 


EXPERIMENTAL 
Condensation of triphenylphenacylphosphonium chloride (Illa) with n-ethyl-2- (8 -methylmercapto)-5 -methoxy - 
6-methylmercaptobenzothiazole methyl sulfate (Va). To a solution prepared by heating 0.2 g (0.0005 mole) of Hla 
in 5 ml of pyridine was added 0,21 g of Va and three drops of triethylamine, The reaction mixture was heated for 
6 hours at 100-120°, The course of the reaction was checked spectrophotometrically with an SF-2 instrument. Upon 
completion of the reaction, dry ether was added to the reaction mixture, ; 


The precipitated dye crystals were separated and recrystallized from alcohol and then washed with hot benzene, 
There was obtained 0.09 g of bright orange crystals, The yleld was 30%; the m.p. was 253°, After purification by re- 
crystallization or by chromatography, the resulting dye had an absorption curve with only one maximum, 488 mp. 


Condensation of triphenylcarbethoxymethylphosphonium chloride (IIfb) with 1,1',3,3°-tetraethoxypropane, To 
a solution prepared by heating 0.38 g of IIIb in 2 ml of pyridine was added 0,25 ml of 1,1',3,3" -tetracthoxypropane, 
The reaction mixture was heated for 8 hours at 130°, and the product was precipitated with ether, The resinous pre- 
cipitate was dissolved in 1 ml of alcohol, and 5 ml of a 20% solution of NaClO, was added, Yellow crystals separated. 
Recrystallization of the material from alcohol yielded 0.15 g (36.5% of theoretical) of light yellow crystals with an 
m.p. of 142°, The absorption maximum in ethyl alcohol was at 446 mp. 
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It is well known that the uranyl fon fs a very vigorous complex famer, capable of forming coordination bonds 
with ligands, particularly with the carbonate fon, predominantly through the oxygen atoms, The literature on the 
subject of complex formation between the uranyl fon and the carbonate fon is quite detailed [1-7]; it indicates 
mainly that at a ratio of uO,?* to CO, of 1: 3 and higher, the tricarbonate form having the composition Me, .{UO,(CO,), 
is formed. In this complex, the six coordination sites of the uranyl fon are satisfied by three co,*- groups. The for- 
mation of this compound is widely used in the processing of uranium ores (4, 8}, 


It has been reported (1) that tricarbonate compounds are also formed with sodf{um bicarbonate, In our experi- 
ments, the reaction of uranyl nitrate with sodium carbonate invariably gave a compound containing only two co- 
ordinated CO,** groups in the inner sphere. It is interesting to note that the uranyl dicarbonate complex has been 
obtained by I. I, Chernyaev et al. ina different manner, specifically, by the interaction of uranyl tricarbonate with 
uranyl nitrate in accordance with the reaction: 


2 INH [UO3 (CO5)3} COZ (NOs)s 3 (NHg)2 (CO3)3 2NH 


However, these authors reported that the ammonium form, in which the complex was separated, {s unstable 
and readily decomposes. According to our data, the sodium uranyl dicarbonate complex {s somewhat less stable 
than the tricarbonate, but ammonia, for example, does not precipitate ammonium diuranate, but, on the contrary, 
somewhat stabilizes the complex, from which the uranyl fon cannot be precipitated, even by phosphate. It fs more 
correct to consider the uranyl dicarbonate complex as a compound of averaye stability. 


The compound was prepared as follows: To a titered solution of uranyl nitrate, prepared from metallic uranium, 
was added portionwise air-dried, finely powdered sodium bicarbonate. The first portions of bicarbonate were con- 
sumed in neutralizing the excess nitric acid. A precipitate began to form with subsequent additions of bicarbonate, 
and this gradually dissolved in excess reagent. Complete solution of the initially formed precipitate indicated the 
formation of a comnplex compound. The same amount of sodium bicarbonate, equivalent to approximately 4 moles 
of bicarbonate per mole of uranium, was always consumed {n neutralization of the excess nitricacid and the formation 
of the complex. The resulting complex compound was separated from the aqucous solution in the form of an ofly 
liquid by the addition of alcohol, and in the aqueous-alcoholic medium it rapidly changed to a finely crystalline 
powder. The crystals were separated by filtration, washed with alcohol and with ether, and dried in air to constant 
weight, and the compound was then analyzed. 


According to the analytical data, the composition of the compound can be expressed by means of the formula 


Found %: U 49.51; C 4.27; H 1.01; H,O 6.78, Calculated: U 50.42; C 5.07; H 0.84; H,O 7.62. 
On the basis of the analytical data, the interaction between uranyl nitrate and sodium bicarbonate = 
takes place in accordance with the reaction: 


(NOs)3 + 4NaHCOg Nag [UOs (CO5)s -+ 2NaNOs + 200). 


The solubility of sodium uranyl dicarbonate fs approximately five times that of the uranyl tricarbonate complex, 


Only two CO,"~ groups enter the inner sphere during the interaction with bicarbonate, and the remaining co- 
ordination sites are satisfied by two molecules of water. This situation is probably the reason for the greater 


— 


solubility of the aquo form Na,(UO,(CO,)(H,O),] as compared to that of the tricarbonate, Na {UO,(CO,),). It is 
interesting that the aquo form {s readily soluble in water when freshly separated, but {t becomes difficulty soluble 
after prolonged standing in air. Aqueous solution of freshly prepared aquo form of the cornplex has a weakly acid 
reaction, 


An average of 23.0 ml of 0.096 N NaOH was consumed in the neutralization of a solution containing 2.12 g 
of Naz(UO,(CO,),(H,0),}. This corresponds to an fonized hydrogen content of approximately 12% of the total hydrogen 
present in the complex compound in the two molecules of water. It can be assumed that the formation of hydrogen 
fons in an aqueous solution of the aquo form of the uranyl dicarbonate complex takes place through partial inner- 
sphere dissociation which proceeds according to the equation 


Nag (COs)3 (H,0;)} Naz (COs); HCOOH J- H*. 


As a result of this process, an acid form having the composition Na,H{UO,(CO,),H,OOH] fs formed fn the so- 
lution; the hydrogen fons {n the latter may be detected by titration. This extremely interesting fact of a different 
mechanism of complex formation by the uranyl fon with sodium carbonate and bicarbonate has not recelved suf- 
ficlent attention in the literature. 
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In the course of earlier work (1-3) we have shown that complex heterocyclic compounds —d{benzoylenepyridines — 
are formed by the interaction of arylidenindanediones with ammonium acetate, Data are available in the literature 
to show that arylizesindanediones [4, 5) and arylidenindanones (6) also react with aliphatic amino compounds of the 


type —C with the formation of derivatives of 4-aza-9-fluoenones of 4-4Zafluorenes, 1-Alkyl- 
HOH 
4-azafluorenones cannot be synthesized by this method, since 2-alkylidenindandiones are not formed, The aim of 
the present work was to synthesize 2-carboxy-4-azafluorenones starting with indanedione derivatives. This is possible 
only when there is co aryl group in the 1 position, since a carboxyl group has a tendency to cyclize with the latter, 
Thus, for example, enly 2,3-(CO)-4,5-(CO)-dibenzoylenepyridine (II) is obtained upon saponification of (1) [4}. 


N N 


The above authors were unable to avoid cyclization by preparing 4-azafluorenones without an aryl group. We have 
shown in the presect work that derivatives of 4-azafluorenones without an aryl group are easily prepared by unsym- 
metrical three-cacteor condensaticn of indanedione, paraformaldehyde, and an unsaturated amino compound. 


There is still Little data in the Iterature on sim{lar reactions, H, Hellmann and co-workers (7, 8) carried out 
unsymmetrical condensation with certain 6 -dicarboxyl compounds, for example, dibenzoylmethane, malonic ester, 
and cyclohexane? cres. Errera [9] obtained from Indanedione and ethoxymethylenacetoacetic ester a compound which 
he converted to 3-methyl-4-aza-9-fluorenone by the action of ammonia, We have extended this interesting reac- 
tion to We have found that 2-carbethoxy -3 is formed by 
condensation of indandione (III), paraformaldehyde, and an ester of 6 -aminocrotonic acid (IV): 
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This condensation reaction was carried out in a neutral medium (toluene), because an acid medium leads to tar for- 
mation, and basic catalysts cannot be used since indanedione {s unstable with respect to them. Chromic acid readily 
oxidized V to 2-carbethoxy-3-methyl-4-azafluorenone (VI), and the latter was saponified by a base to acid VII, 


It was found that 3-amino-5,5-dimethyl-2-cyclohexen-1-one can also be used in this reaction: 


HN 


The IX which results can easily be oxidized with chromic acid to X, With regard to the mechanism of the reaction, 
we believe it probable that the unsymmetrical condensation proceeds through an entire series of intermediate, very 
reactive compounds, It is possible that in the course of the reaction, hydroxymethylindanedione {s first formed, and 
this, after elimination of water, further reacts with the amino compound with subsequent cyclization: 


Ill + OCH, 


The possibility cannot be excluded that, along with zsymmetric condensation products, ares products were 
also formed; however, we have not yet separated any of these, 


EXPERIMENTAL 
2-Carbethoxy -3 -methyl-1,4-dihydro-4-aza-9-fluorenone (V).. A mixture of 5.8 g of B-aminocrotonic ester, 
6.6 g of indanedione, and 1.5 g of paraformaldehyde in 70 ml of toluene was refluxed for 20 minutes with vigorous 
stirring in a flask fitted with a Dean and Stark head, From the dark brown solution was distilled 20 ml of toluene, 
The residue was cooled, and 3.65 g (30%) of a red-brown substance was separated by filtration, It was washed on the 
filter with ether. M.p. 253° (from glacial acetic acid or dioxane), The material was soluble in ethanol; it formed 
a blue solution with alcoholic alkali and a light green solution with concentrated sulfuric acid. 


Found N 5.24. Calculated for Cyt %: N 5.20. 


2-Carbethoxy -3-methyl-4-aza-9-fluorenone (VI), To a solution of 2 g of V in 100 ml of acetic acid was 
added 1 g of chromium trioxide dissolved in water. Oxidation took place immediately at room temperature. Dilu- 
tion of the filtrate with water precipitated 1.5 g (76%) of a light orange material. M.p. 125-126" (from acetic acid), 
It was soluble in ethanol, dioxane and benzene, 


Found %; N 5.46. Calculated for CyHpO,N %: N 5.24, 


2-Carboxy -3-methyl-4-aza-9-fluorenone (VII). A mixture of 1.5 g of VI and 20 ml of a normal solution of 
sodium hydroxide was heated until solution was complete (15 minutes), Acid VI was precipitated with hydrochloric 
acid (1:1). The orange substance was difficult to filter. M,p. 290° (from butyl cellosolve or nitrobenzene), It 
was very soluble in organic solvents, 


Found %; N 5.77, Calculated for %: N 5.86, 
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Sodium salt of VII, VII was neutralize’ with the calculated amount of sodium bicarbonate, The solution was 
evaporated under vacuum. A light brown salt was obtained, which was very soluble in water and sparingly soluble 
in alcohol. 


Found %: N 4.92, Calculated for N 5.36, 


2.3 -(CO)-benzoylene-5-keto-7,7-dimethy1-1,4,5,6,7,8 -hexahydroquinoline (IX), A ‘suspension of 2 g (9.0137 
mole) of indanedione, 1.92 g (0.0137 mole) of VIII, and 0.4 g of parafonraldehyde in 20 ml of toluene was refluxed 
for 20 minutes in a flask with a Dean and Stark head (for separation of the water). The dark brown solution was 
allowed to stand for 2 days. The precipitate, 2.6 g (70%) of a red-viclet substance, was washed with ether. M.p. 
244-245" (from acetic acid). It was soluble in ethanol and methanol, very sparingly soluble in benzene, and more 
soluble in doxane. It gave a dark blue color with alcoholic alkali and a green color with concenwated sulfuric acid. 


Found N 5.03. Calculated for %: N 5.00, 


2,3-(CO)-benzoylene -5-keto-7,7-dimethy]-5,6,7,8 -tetrahydroquinoline (X), IX was oxidized with chromic 
acid similarly to V. The product was a yellow substance with an m.p. of 154° (from acetone or acetic acid water). 
It was readily soluble in ethanol, dichloroethane, and benzene, 


Found ‘: N 4.88, Calculated for Cyg!,50,N %: N 5.05. 
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a -Pyrrolidinecarboxylic acid (proline) is one of the basic amino acids making up albumin molecules, In 
studying its biological role, it is very important to be able to substitute for proline its homologs or analogs, We have 
developed a general method for the synthesis of pyrrolidinecarboxylic acids by oxidation of the benzoyl derivatives 
of the corresponding furylpyrrolidines, The latter are prepared by a stepwise synthesis based on furfural o¢ acetyl- 
furan. If desired, this method may be used to introduce a labeling carbo. atom at any position in the pyrrolidine 
ring. 


The general scheme of the synthesis of pyrrolidinecarboxylic acids is suggested by the following equations: 


where R or R* is C,H30, which fs converted by oxidation to a carboxyl group, Via and Vib ~R = R’ = C,Hs. 


Reductive cyclization over Raney nickel converts the 6-ketonitrile to a furylpyrroline. The latter yields a 
fury pyrrolidine when reduced by lithium aluminum hydride. Benzoylaticn of the furylpyrrolidines and oxidation of 
the resulting benzoyl derivatives gives 1-benzoylpyrrolidinecarboxylic acids, 


In one of our earlier papers [1], we described the synthesis of racemic proline (Vla, R' = H), The required 
nitrile was obtained by aminomethylation of acetylfurane with subsequent replacement of the dimethylamino group 


by nitrile (2}, 


Furoylpropionitrile was converted by reductive cyclization over Raney nickel ir ethyl alcohol at room temper- 
ature to 2-furylpyrroline with a yield of 87 [3}, Reduction of the latter with Hithium aluminum hydride gave an 85% 
yield of 2-furylpyrrolidine. Proline was obtained by oxidation of the benzoyl] derivative with potassium permanganate 
and removal of the protective benzoyl group. The overall yield of the last two steps was 61.7%, 


The route indicated above for the synthesis of B-ketonitriles proved to be unsuitable in the preparation of 
other, substituted pyrrolidinecarboxylic acids-the Mannich reaction gives very low yields when applied to ketones 
of the furan series (except for acetylfuran), The simplest and most convenient synthesis of the necessary furan B- 
ketonitriles is through the addition of hydrocyanic acid to «,8 -unsaturated ketones—the furan analogs of chalcone: 


a 
qT 
| 


HCN 
RCOCH = CHR'-—*R R’ 


CN 


The hydrocyanic acid was obtained from commercially available acetone cyanohydrin in the presence of sodium car- 
bonate, Nitromethane, as well as hydrocyanic acid, was added to the furan chalcone, Reduction of the resulting 
nitroketones with zinc in acetic acid gave the same substituted pyrrolines: 


CH,NO, 
RCOCH = CHR’ ———* RCOCH; — CH — 


CH,NO, 
qty 


In the present work, the benzoyl derivatives of the following two pytrolidinecarboxylic acids were synthesized, 


4-Phenylproline (Va, R' = CgHs), 2-Furyl-4-phenylpyrroline was prepared from benzylidenacetylfuran and 
either B-ketonitile (ila) or nitroketone (Illa), and this was converted to 1-benzoyl-4-phenylproline by the method 
described above. 


5 -Phenylpyrrolidine -3-carboxylic acid (VIb, R = CgHs), The addition of hydrocyanic acid or nitromethane to 
furfurylidenacetophenone gave the corresponding 6 -ketonitrile (1[b) or nitroketone (IIIb), which was converted by the 
method described above to 1-benzoyl-5-phenylpyrrolidine -3 -carboxylic acid. ‘ 


The method presented above can be used for the synthesis of other substituted prolines and {ts structural analogs. 


EXPERIMENTAL 
Furan Chalcones (I) 
Benzylidenacetylfuran (1a), To a mixture of 31.8 g (0.3 mole) of benzaldehyde, 30 ml of alcohol, and 40 ml 
of a 12% solution of NaOH at —15° was added dropwise and with stirring 16.5 g (0.15 mole) of acetylfuran, The mix- 
ture was stirred for half an hour, and the resulting precipitate was separated by filtration and washed with a small 
amount of alcohol. There was obtained 14 g of Ia; yield, 72%; m.p. 87-88°, Literature data: m.p. 87-88° (4}, 


Furfurylidenacetophenone (Ib), In a similar manner, 55 g of Ib (70% yield) was obtained from 82,5 g (0.86 
mole) of freshly distilled furfural and 52 g (0.43 mole) of acetophenone in the pressence of 130 ml of 12% NaOH; 
b.p. 174° (6 mm). The literature reports a b.p. of 181-183° (9 mm) 


Nitriles (11) 
To a solution of the furan derivative of chalcone in methyl alcohol was added an excess of acetone cyanohydrin 
and 10% sodium carbonate solution, The mixture was heated on a water bath for 4 hours and then boiled with ac- 


tivated carbon, The mixture was filtered hot, and the precipitate which resulted upon cooling of the filtrate was 
separated by filtration and washed with a small portion of alcohol. 


2-Phenyl-3-furoylpropionitrile (Ila), From 13.7 g (0,07 mole) of Ia, 21.3 g (0.25 mole) of acetone cyanohy- 
drin, and 20 ml of 10 sodium hydroxide solution was obtained 11 g (69% yield) of Ia; m.p. 89-90° (from ethy! al- 
cohol), 


Found C 74.67, 74.31; H 5.09, 5.06, CygHyO,N. Calculated %: C 14.65; H 4.92, 


2-Fury1-3 -benzoylpropionitrile (IIb), In a manner similar to that used in the preparation of Ila, 13 g of Ib 
(81.4% yield) was obtained from 13.7 g (0,07 mole) of Ib, 21.25 g (0.25 mole) of acetone cyanohydrin, and 20 ml 
of 10% sodium carbonate solution, M,p. 107,5-108,5° (from ethyl alcohol). 


Found %: C 74.33, 74.43; H 5,05, 5.12. CygHyO,N, Calculated #: C 74.65; H 4.92, 


Nitroketones (111) 


To a solution of 0.82 g-atom of sodium in 30 ml of absolute methy] stochel, cooled to —10°, was added slowly 
and with stirring 0.12 mole of nitromethane, The resulting suspension was heated to 40-50° and poured into a vigor- 
ously stirred solution of 0.03 mole of I in 30 ml of absolute methyl alcohol. Heating was continued until the precipi- 
tate disappeared, The reaction mixture was then rapidly cooled to - 15°, and 10 ml of glacial acetic acid was added 


dropwise; this was followed by the addition of 100 ml of water over a period of 20 minutes, The resulting precipi- 
tate was separated by filtration, washed with water and with ethyl alcohol, and dricd, 


y -Nitro- 8 -phenylbutyrylfuran (Illa), From 6 g (0.03 mole) of Ia, 6.8 g (0.112 mole) of nitromethane, and 
1.9 g of sodium was obtained 7 g of Illa (95% yield); m.p. 90-91" (from ethyl alcohol), 


Found %: C 64,57, 64,41; H 5.53, 5.34. CyHyO.N. Calculated %: C 64.79; H 5.04, 


Y -Nitro- 6 -furylbutyrophenone (IIIb), In a manner similar to that used for Illa, 35 g (80% yield) of IIb was 
obtained from 35 g (0.18 mole) of Ib, 40 g (0.72 mole) of nitromethane, and 11 g of sodium; m.p. 49-50° (from 
methyl alcohol), The literature reports an m.p. of 49,5-50° (6}, 


Pyrrolines (IV) 

1) A suspension of 0.044 mole of ketonitrile (11) in 70 ml of 95% ethyl alcohol was hydrogenated in the pres- 
ence of 2 g of Raney nickel. The hydrogenation was stopped after the absorption of 0.09 mole of hydrogen, and the 
catalyst was removed by filtration and washed with 10 ml of ethyl alcohol. The solvent was distilled, and the residue 
was distilled under vacuum, ; 


2) Toa solution of 0.05 mole of nitroketone III in 150 ml of glacial acetic acid at 55° was added, with stirring, 
50 g of zinc dust over a period of 30 minutes, The mixture was held at 60° for 15 minutes and then ccoled, The 
precipitate was separated by filtration and washed twice with acetic acid. The filtrate was made strongly alkaline, 
and the IV was extracted with benzene. The oily substance remaining after distillation of the benzene was dis- 
tilled under vacuum, 


2-Furyl-4-phenylpyrroline (IVa). 1) Hydrogenation of 10 g (0.044 mole) of Ila gave 7 g (75% yleld) of IVa; 
b.p. 144-145" (2 mm); njj 1.5870; d4’ 1.1337; MRp 62,60; found 62.60; calculated 62,69, 2) Reduction of 13.5 a 
(0,052 mole) of Illa w'th zinc in acetic acid gave 4 g (53% yield) of IVa;_b.p. 142-143" (4 mm); nig 1,5869; dy 
1,1335; MRp found 62,58; calculated 62,69. 


3-Furyl-5-phenylpyrroline (IVb), 1) Hydrogenation of 5 g (0,22 mole) of Ib resulted in absorption of 0.990 
liter (0.044 mole) of hydrogen and gave 4 g (86% yleld) of IVb; b.p. 144-146" (2 mm); njj 1.5657; dy’ 1.1140; MRp 
found 62.28; calculated 62.69, 2) Reduction of 15 g (0,05 mole) of IIb with zinc dust in acctic acid gave 5.5 g 
(54% yield) of IVb;b.p. 154° (4 mm); nf 1.5659; dq’ 1.1138; MRp found 62.31; calculated 62,69, 


Pyrrolidines (V) 

To a solution of 0.05 mole of lithium aluminum hydride in 25 ml of absolute ether, cooled to -10°, was added 
with stirring a solution of 0,025 mole of IV in 30 ml of absolute ether, Cooling was stopped, and stirring was con- 
tinued for another 30 minutes. The reaction mixture was then refluxed on a water bath for 3 hours, The excess 
lithium aluminum hydride was decomposed with a saturated aqueous solution of potassium carbonate, The ether 


layer was separated and dried with potassium carbonate, The residue remaining after distillation of the ether was 
distilled under vacuum, 


2-Furyl-4-phenylpyrrolidine (Va), Reduction of 5.5 g (0.026 mole) of IVa with Mthium aluminum hydride (2 g, 
0.052 mole) gave 3.75 g (68% yield) of Va; b.p. 149-150°; nfj 1.5650; d4° 1.1071; MRp found 62,74; calculated 
63.16. 


Benzoyl derivative: 90% yield, m.p. 103-104" (from petroleum ether), 
Found ‘%: C 78,91, 79,08; H 6.29, 6.11, CpyHyyO,N, Calculated %: C 79,47; H 6,03, 


3-Fury!-5-phenylpyrrolidine (Vb), Reduction of 5.8 g (0,027 mole) of IVb with lithium aluminum hydride 
(2.2 g, 0.054 mole) gave 4.75 g (82% yield) of Vb; b.p. 170° (2 mm); njj 1.5651; dy’ 1.0720; MRp found 62.55; cal- 
culated 63,16, 


Found %; C 78,16, 78,26; H 7,11, 7.05; N 6.83. CygHysON, Calculated %: C 78,74; H 7,09; N 6.56, 
Benzoyl derivative: 81% yield; m,p. 101-102° (from petroleum ether), 
Found %; C 79,08, 79.25; H 6,28, 6.25; N 4.40, 4.39. CyH,0.N, Calculated %: C 79.47; H 6,03; N 4.43. 


Benzoyl derivatives of pyrrolidinecarboxylc acids (VI), To 0.003 mole of the benzoyl derivative of the 
pyrrolidine dissolved in 10 ml of acetone was added 2-3 drops of 20% KOH solution, The mixture was cooled to 15°, 
and 0,024 mole of potassium permanganate in 150 ml of water was added gradually and with stirring. Upon de- 


| 
| 

| 
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colorization of the permanganate solution, the precipitated manganese dioxide was removed by filtration and washed 
with hot water, The combined filtrates were evaporated to a volume of 20 ml, extracted twice with ether, and 
acidified with concentrated HCI; the solution was cooled during acidification, The precipitated benzoyl derivative 
of the pyrrolidinecarboxylic acid was separated by filtration, dried, and recrystallized from water. 


1-Benzoyl-4 -pheny pyrrolidine -2-carboxylic acid (Vla): 62% yield; m.p. 151-152°, with decomposition, 
Found %: C 71,38, 71.45; H 6.03, 5.95. 2Cyglly7O,N - H,0, Calculated %: c 71,05; H 5.96. 

1-Benzoyl-5 -pheny|pyrrolidine -3-carboxylic acid (Vib): 55% yield; m.p. 156-157*, 

Found %: C 72,80, 72.91; H 6,02, 6.11. Cygtly70,N. Calculated %: C 73,20; H 5,76. 
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POLYMERIZATION OF 1-HEPTENE WITH THE CATALYST 
SYSTEM + TIC], 


A. V. Topchiev, B, A. Krentsel’, V. V. Dal’, 
and V, D, Oppengeim 


Institute of Petrochemical Synthesis, Academy of Sciences USSR 
Translated from Doklady Akademii Nauk, SSSR, Vol, 140, No, 3, 
pp. 614-616, September, 1961 

Original article submitted May 29, 1961 


In order to clarify the mechanism of the polymerization of q -olefins in the presence of complex organometal 
catalysts and to establish a relationship between the structure of the original hydrocarbon and the properties of the 
resulting polymers, the investigation of the polymerization of straight-chain C,—Cz olefins, which yield very low- 
melting polymers, {s of substantial interest. It has been proposed (1) that the melting points of polyolefins prepared 
from Cy—Cg a -olefins fall at the minimum of the melting point range for this 
class of polymers as a consequence of steric hindrance to ordered packing of 
the polymer chains, Descriptions of the investigation of polymerization of 
higher homologs of the a-olefin series have been limited in the published 
literature to only two papers (2, 3}, which deal with the polymerization of 1- 
hexene, 


The polymerization of 1-heptene with the catalyst system Al(iso-C 49) 
\ + TiCl, in the absence of a solvent was investigated in the present work, 


Preliminary experiments showed that the highest conversion of monomer fs 
obtained with equimolar amounts of the catalyst components, The effect of 

a in—— polymerization temperature {s shown graphically in Fig, 1. As Fig. 1 shows, 
¢-—- optimum conversion was obtained at 2 temperature of about 60°, which is fn 
approximate agreement with the optimum temperature for polymerization of 
other a-olefins under comparable conditions, 
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Fig. 1. YJeld of polyheptene as a 
function of temperature at a ratio 
of Al({fso-C.Hy) to TIC], of 1 : 1, The temperature dependence of the intrinsic viscosity of the polyheptene, 
shown in Fig. 2a, presents a similar picture, An increase in temperature eviden- 
tly leads to some destruction of the polymer under the influence of the catalyst, 
and this causes a decrease in the intrinsic viscosity, which, as in the case of other polymers, also depends on the ratio 
of the catalyst components. The highest intrinsic viscosity was obtained within the range of AlRs/TiCl, values of 
1.5 to 2.5 (see Fig. 2b). [n] is the intrinsic viscosity in decalin at 95°, 


The polyheptene obtained under optimum conditions was a viscous, glassy product with a molecular weight of 
3500, according to ebullioscopic measurements. The melting point of the polyheptene was —40°, The x-ray diffrac- 
tion pattern was that characteristic of a completely amorphous material (see Fig. 3). 


The structure of the polymer was investigated by infrared absorption spectroscopy. Figure 4 shows a poly- 
heptene infrared spectrum obtained with an IKS-14 spectrophotometer. Bands with maxima at 1460, 767, and 725 cm 
are observed in the spectrum; these bands correspond to absorption of CH, groups, and the last band corresponds to 
absorption by a polymethylene chain containing at least four ~CH,—groups, The absorption band at about 890 cm 
corresponds to nonplanar deformation vibrations of C—H bonds in the synem RyRgC = CH; the presence ofa an iso- 
propyl group is at game by the absorption at about 1170 and 1145 cm~! and by the shoulder at 1347 cm~ on the 
band at 1382 cm“, Thus, the respective characteristic absorptions of the individual groups allow us to propose the 
following structure for the polyheptene molecule, 


CH 
CH= C— (CH — CH), — CH — CHC (n = 30 So). 
| 


CH, 


CH; 


However, the presence in the spectrum of an absorption band at about 972 cm-', which corresponds to nonplanar de- 
formation vibrations of C—H_ bonds in the olefinic group 


indicates the possidle presence of a double bond in the middle of the polymer chain, This question requires further 
ciarification, 


[Al(iso-C Hg); Xmole) 


(TiCl,Kmole) 


Fig. 2. Dependence of intrinsic viscosity [n ) of polyheptene 
on: a) polymerization temperature at a ratio of 
Al(iso-CyHg)5 to TiCly of 1 : 1; b) ratio of Al(iso- 
to TiCl, at 50°, 


Fig. 3, Polyheptene x-ray pattern, 


EXPERIMENTAL 
The initial monomer was prepared by pyrolysis of 

heptyl acetate at 549-550" (4); the latter was prepared 

by acetylation of n-heptanol. After the usual washing and 
crying, the olefin was feed from traces of alcohol and dienic compounds, formed as by-products during the pyrolysis, 
by refluxing for 60 hours over metallic sodium followed by distillation over metallic sodium in a packed column 
equivalent in separating ability to approximately 70 theoretical plates. The pure olefin was characterized by the 
following constants: 


B.p. °C (at 760mm Hg) ny dy MR 
Found 93.5 1.3998 0.69696 34.134 
Literature values . 60,066. see 1.3998 0.69698 34.059 


The monomer was stored in an atmosphere of purified argon over metallic sodium, An investigation of the 
molecular spectrum showed that the monomer was pure 1-heptene without impurities, The triisobuty!aluminum was 
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used in the form of a solution in heptane, and, according to analysis for alkyl group content, the concentration was 
0.52 g/ml, The titanium tetrachloride was the commerical analytical grade product; it was distilled over fresh 
copper tunings at 136°, and was used in the form of a solution in cyclohexane with a concentration of 0.1 g/ml, 
Polymerization of the 1-heptene was carricd out in rotating, scaled glass tubes having a volume of 40 ml; these 
were contained in a thermostatted bath, All polymerizations were mass polymerizations, f.e., without a solvent; the 
total concentration of catalyst in the monomer was 5% by weight in all cases, 


Polyheptene 


60, 


zo 


1500 1400 4000 


Fig. 4. Infrared absorption spectrum of polyheptene. 


In the interests of accurate measurement, the monomer and the catalyst component were measured out froma Iml 
microburet with 0,01 ml divisions, The microburet was fitted with two three-way stopcocks, and had a curved outlet 
tube which entered a manifold attached to the microburet by a ground glass joint. The manifold was connected to 
four polymerization tubes. The entire system was evacuated several times, and was purged with argon which had 
been frecd from traces of moisture and oxygen. Before being filled, the tubes were cooled with dry {ce, and measured 
amounts of the reagents were then charged to the tube from the microburet in the following order: trifsobutylalumi- 
num, the first portion of monomer, titanjum tetrachloride, second portion of monomer, 


At the conclusion of an experiment, the tube was opened, and the contents were treated with methanol acidified 
with hydrochloric acid to decompose the residual catalyst. The resulting viscous mass of polymer was dissolved in 
boiling ether, and the solution was filtered, The polymer was precipitated from the cooled solution with methanol, 
and solution and precipitation of the polymer was then repeated, after which the polymer was removed and dried to 
constant weight in a special vacuum apparatus at room temperature. The resulting polyheptene analyzed as follows: 


Found %: C 85.89; H 14.11, No ash found, Calculated %: C 85.67; H 14,23. 
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1,6-ANHYDRIDES 


N. N, Shorygina and G, V. Davydova 


(Presented by Academician B, A, Kazanskil, May 5, 1961) 

N, D, Zelinskif Institute of Organic Chemistry, Academy of Sciences, USSR 
Translated from Doklady Akademii Nauk, SSSR, Vol, 140, No, 3, 

pp. 617-619, September, 1961 

Original article submitted April 25, 1961 


We have previously reported (1-3) that 2,3,4-tri(O-methyl)-1,6 -anhydroglucopyranose and 2,3,4-tri(O-methyl)- 
1,6-anhydrogalactopyranose react with metallic sodium in liquid ammonia with the formation of phenol, 


The present article presents the results of a further investigation of this interesting reaction as applied to D- 
idose and D-gulose 1,6-anhydrides, These 1,6-anhydridcs were prepared from the corresponding hexoses by the action 
of dilute 


Inasmuch as we did not have pure D-{dose nor pure D-gulose at our disposal, it was necessary for us to syn- 
thesize them. Application of the cyanohydrin synthesis to D=xylose (4) gave a 42% yield of the lactone of D-gulonic 
acid; after recrystallization from aqueous alcohol, the lactone melted at 183-185", Reduction of the gulonic acid 
lactone with 2.5% sodium amalgam gave sirupy D-gulose. 


It was found to be necessary to purify the D-gulose from inorganic salts before using it in the preparation of 
crystalline 1,6-anhydrogulopyranose, This was accomplished by passing an aqueous solution of D-gulose through KU-1 
cation-exchange resin and EDE-10 anion-exchange resin, Crystalline 1,6-anhydrogulopyranose was obtained by 
refluxing a solution of pure D-gulose with 0.5 N H,SO, for a period of 20 hours (5). After three recrystallizations 
from alcohol, the anhydrogulopytanose melted at 153-154", The yield was 18.5%, 


2,3,4-Tri-(O-methy1l)-1,6-anhydrogulopyranose was prepared by methylation of 1,6-anhydrogulopyranose 
with dimethyl sulfate; the yield was 87%, This is the first preparation of this compound, After three recrystalliza- 
tions from petroleum ether, it melted at 41-42.5°, (aly = +85.7° (c = 11,9306, water). 


Found %: C 52.84; H 7,78; OCH, 45,13. C,Hy,0;. Calculated %: C 52,94; H 7,84; OCH, 45.58. 


D-Idonic acid was obtained in the form of the brucine salt from the reaction mixture remaining after the 
cyanohydrin synthesis and the separat'on of the D-gulonic acid lactone (6}, After recrystallization from methyl al- 
cohol, the brucine salt melted at 169-170°, 


Found %: C 58.9; H 6,61; N 4.85. Oy Calculated %: C 60.6; H 6.62; N 4,87. 


Decomposition of the brucine salt gave a mixture of D-idonic acid and its lactone, Upon reduction of this 
mixture with sodjum amalgam, a mixture of D-idose and the sodium salt of D-idonic acid was obtained, Owing to 
the low yield, an attempt to purify this mixture failed, Therefore, D-idose was prepared from D-galactose by the 
method of Sorkin and Refchstein (7) 4,6-Benzal-a -methyl-D-galactoside (1) was obtained in 40% yield by shaking 
a mixture of a -methyl-D-galactoside and benzaldehyde in the presence of anhydrous ZnCk. After recrystalliza- 
tion from water and then from absolute alcohol, the product melted at 167-168" (according to Sorkin and Refchstein, 
the m.p. is 174-176"), 


Treatment of I (in solution in absolute pyridine) with a solution of p-toluenesulfonyl chloride in chloroform 
and holding the reaction mixture at 40° for a period of 4 days gave a 93% yield of 2,3 -ditosyl-4,6-benzal- a- 
methyl-D-galactoside (II), 


The product melted at 174° (the product of Sorkin and Reichstein melted 2% 179-180°) after recrystallization 
from a mixture of petroleum ether and chloroform, 
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Found : C 57.5; H 5.10; S 10.82, CogtlygQygSz. Calculated %: C 56,92; H 5.12; S 10.86. 


Saponification of II with a 2,7 N solution of sodium methylate in inethyl alcohol by refluxing the reaction mix- 
ture for 1.5 hours resulted in crystalline 2,3 -anhydro-4,6-benzal- a-methyl-D-guloside (III), m.p. 164-177° (from a 
mixture of chloroform and ether); the yield was 60%, It fs possible that the product was contaminated with 2,3- 
anhydro-4,6-benzal-a-methyl-D-taloside, Separation of these compounds was of no significance, since both an- 
hydro derivatives give the same 4,6-benzal-a -methy1-D-idoside. 


Found %; C 63.58; H 6,05. CygHyO5. Calculated %: C 63.61; H 6.10. 


The 2,3-anhydro derivative was easily converted to 4,6-benzal-a-methyl-D-idoside (IV), with a yield of 71% 


by refluxing with a 5% solution of KOH for a period of 20 hours, The white crystals melted at 144-146" (from methyl 
alcohol), 


Found %; C 59.86; H 6,55. CyHygQ. Calculated %: C 59,55; H 6.43. 


Reduction of IV in the presence of Ramey Ni in an autoclave at 70° and a pressure of 110 atm gave a-methyl- 
D-idoside (V) in the form of a colorless sirup. Boiling V with 5% H,SO, for 6 hours, neutralization of the H,SO,, and 
evaporation of the aqueous solution yielded a sirup which crystallized in the refrigerator. The crystals of 1,6-an- 
hydroidopyranose were recrystallized from a mixture of alcohol and acetone; the m.p, was 124-126", 


The trimethyl ether of 1,6-anhydreidepyranose has not been described in the literature. The 1,6-anhydro- 


{dopyranose was twice methylated with dimethyl sulfate. The resulting sirup was distilled under vacuum, and had 
an b.p. of 117-119°/10 mm. 


Found ®; C 52,1; H 8.15; OCHy 45.05. CyHyO;, Calculated %: C 52.94; H 7.84; OCH, 45,58, 


These timethyl ethers of 1,6-anhycroidopyranose and 1,6-anhydrogulopyranose were investigated with respect 
to their reaction with metailic sodium in liquid ammonia, ; 


The reaction conditions were analogous to the optimum conditions which we had previously established for wi- 
methyllevoglucosan, 


A weighed portion of 2,3,4-tri-(O-methyl)-1,6 -anhydrogulopyranose (0.005 mole) was dissolved in 20 ml of 
liquid ammonia, and metallic sod{um (0.05 mole) was added to the solution; the sealed ampoule was held for 8 hours 
at dry {ce temperature, and was then allowed to stand at room temperature with periodic shaking. The time required 
for complete decolorization of the ammonfiacai solution of sodium varied in different experiments trom 2 to 7 days, 


The ampoule was then opened, the ammonfa was evaporated, and the residue~a white powdery material—was 
decompozed with water acidified with H,SQ,. The phenol was steam distilled from the acid solution, The yield of 
pherol in the various expeziments was 45-49%, The same reagent ratio was retained for the experiment with 2,3,4- 


tri-(O-methy1)-1,6-anhydroidopyranose, The sodium had completely reacted after 7 days, The yield of phenol was 


This work shows that the reaction of 2,3,4-trimethy] ethers of 1,6-anhydrosugars with metallic sodium in liquid 
ammonia proceeds with rupture of the pyramose and anhydro rings and carbocyclization and subsequent aromatization, 


This reaction fs apparently characteristic of the methyl cthers of all diastercoisomeric 1,6-anhydroaldohexcses, 
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There has been little investigation of the vapor-phase hydrolysis of titanium tetrachloride at comparatively 
low temperatures (25-150°), where the formation of titanium oxychloride and hydroxychloride rather than dtanium 
dioxide is possible [1], These basic salts can be formed as by-products in the chlorination of titanium -containing 

raw material (2, 3) and during rectification of technical titanium tetrachloride [4 There fs little information on the 
conditions of formation and on the properties of titanium oxychloride and hydroxychloride, and the available ma- 
terial is frequently contradictory [4-6}, 


The Interaction of TiCly vapor with H,O vapor in a dynamic system over the temperature interval 25 to 750° 
was investigated in the present work, The molar ratios of TiCl, to H,O were 1:1, 1:2,1:3, and1:4, The ex- 
perimental procedure used in the investigation included saturation of 
one inert gas stream with a specific amount of TiCl, vapor, satura- 
tion of another with 1,0 vapor, and combination of the two streams - 
at the desired temperature in the reacter, The reaction products were 
collected and subjected to further investigation, In all experiments, 
interaction of T{Cl, with the water vapor began immedfately after 
mixing in the reactor, as was visually apparent owing to the formation 
of a white fog (acorsol), though Hudson [1] has reported that this re- 
action only begins several minutes after the reactants have been mixed, 


i L L It was established that a change in the residence time of the reagent 
0 ad ” ne” mixture in the reaction zone from 11,85 seconds to 0.23 second (a 
Fig. 1, Dependence of titanium content decrease by a factor of about 50) has no essential effect on the extent 
of the products of TiCl, hydrolysis on re- of the hydrolytic decomposition of TiCly It is evident that vapor- 
action temperature: A) 1:1; 8B) 1:2; phase hydrolysis of TiCl, takes place at an extremely high rate, 


ee The particles of the solid reaction products obtained within 


the temperature interval 25-150° were very fine, but they had the 
property of agglomerating with the formation of fine, formless, very hygroscopic clumps; therefore, all work with 
these products was carried out in a chamber filled with dry air, The particles had a yellowish color, the intensity 
of which decreased with an increase {n hydrolysis temperature and an increase in the molar concentration of water 
in the reaction mixture. It was established that these substances are good dielectrics, 


As Figs. 1 and 2 show, the composition of the TiCl, hydrolysis products depends on the conditions under which 
they are prepared. A change in the ratio of TiCl, to H,O in the reaction mixture from 1: 1to 1:3 led to a de- 
ctease in the titanium and chlorine contents of the hydrolysis products (Curves A, B, and C), However, at a TiCl,: 

: H,0 ratio of 1 : 4, the Utanf sm content increased, while the chlorine content decreased(Curves G in Figs, 1 and 2) 
in the hydrolysis products obtained at temperatures of 25, 50, and 75°. The decrease in chlorine content is con- 
nected with the interaction of the TiCl, hydrolysis products with "excess" water vapor, which leads to the elimina- 
tion of HCl from the products, 


The products of the vapor-phase hydrolysis of TiCl, within the temperature interval 25 to 150° are compounds 
of variable composition, which may be expressed by the formulas: 
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TiO, (OH)s~2a Cl,, where = 0 -- 1; 
Ti(OH), where x: (4—2x) = 1 +3. 


Thus, the results of our experiments on the hydrolytic decomposition of TiCl, over the temperature interval 
of 25 to 150° show that it is impossible to express the actual reaction by one of the simple equations usually given in 
the literature [4-6], In our experiments, complete hydrolytic decomposition of the TiCl, did nct take place even at 
300°, since the product obtained at this temperature contained about 15% chlorine fons rather strongly bonded to 
titanium, At 500°, TiO, was obtained as the product of the hydrolysis of TiCl,; the chlorine fon content was not more 
than 2%, At 750°, the chlorine fon content of the T1Q, decreased to 0.1-0.2%, 


A 
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Fig. 2, Dependence of chlorine content of Fig. 3. Change in weight of TiCl, hydrolysis 
TiC], hydrolysis products on reaction tem- products as a function of time of standing in 


perature. The symbols are the same as fn alr. 
Fig. 1. 
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Figure 3 presents a typical curve showing the change in weight of the TiCl, hydrolysis products obtained at 
25-100° as a function of time of standing in air. As Fig. 3 shows, the curve goes sharply upward at first, reaching a 
maximum, after which a decrease in weight sets in, This may be explained on the basis that in addition to adsorption 
of moisture by the TiCl, hydrolysis product, a chemical reaction takes place between it and the associated water 
with the elimination of hydrogen chloride into the vapor phase, After a certain time, the rate of adsorption of water 
by the material becomes equal to the rate of the hydrolysis reaction (maximum on the curve of Fig. 3). Hydrolysis 
then begins to predominate over the sorption process, and the weight of the material decreases. 


The phase composition of the products of the hy¢rolytic decomposition of TiCl, was studied by means of qualita- 
tive x-ray phase analysis of the polycrystalline substances (Debye —Scherrer method), The following was estab- 
lished with respect to the products of the vapor-phase hydrolysis of TiCl, in the indicated temperature Intervals: 


1) 75-150°, A new, previously unknown crystalline phase with a structure different from the structures of known 
titanium compounds was formed, This new phase was not observed at 300°, 


2) 25-50°, No crystal structure appeared on the x-ray patterns of the products formed at TiCl, : H,O ratios 
in the reaction mixture of 1 : 1, 1:2, and 1:3, However, after standing for a short tine in moist air, they ac- 
quired a clearly crystalline structure, and their interference pattern was closely similar to that of the products ob- 
tained in the interval of 75-150°, 


3) 300-750°, The product was TiO, with an anatase structure, 
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in the development of our work on the reactions of certain alkene oxides with carbonyl sulfide, we have carried 
out a study of the interaction of ethylene oxide with another analog of carbon dioxide —carbon disulfide. 


The reaction between ethylene oxide and carbon disulfide has been used by Durden and co-workers for the 
preparation of ethylene trithiocarbonate (1}, The reaction was carried out under nitrogen pressure in the presence of 
tertiary amines. The highest yield of ethylene trithfocarbonate was obtained at a molar ratio of carbon disulfide to 
ethylene oxide of 2.5, and the reaction mixture was heated to 150°, CO, and COS were observed to be by-products. 
According to the mechanism proposed by the authors, ethylene sulfide is formed as an intermed{ate product; however, 
the latter was not separated from the reactioa products. The catalyst used in the present work was one which we have 


previously used—tetracthylammonium bromide (2). The reaction was carried out by heating equivalent amounts of 
the reagents in sealed ampoules at 90-100°, 


Conversion of ethylene oxide was 54-55%, The unreacted reactants were distilled from the reaction mixture 
in equimolar amounts, The reaction yielded ethylene carbonate and ethylene trithiocarbonate (ETTC) in a molar 
ratio of 1 : 2, which corresponds to the equation: 


No gas formation was observed, 


The ethylene carbonate and ethylene tithiocarbonate were separated by washing out the ethylene carbonate 
with water. The ethylene trithiocarbonate residue was purified by recrystallization from alcohol. We also attempted 
to resolve the mixture of ethylene carbonate and ethylene trithiocarbonate by vacuum distillation, However, after 
distillation of the ethylene carbonate, volatile substances were formed during distillation of the ethylene trithio- 
carbonate. These substances were condensed in a trap cooled with a mixture of solid carbon dioxide and acetone, 


We assumed that the volatile substances were formed as a result of partial decomposition of the ethylene tri- 
thiocarbonate, Asa matter of fact, the ethylene trithiocarbonate obtained by distillation and water washing also gave 
a volatile fraction. Moreover, the volatile fraction obtained in the first case behaved differently from that obtained 


in the second case, although both fractions consisted of a mixture of carbon disulfide and ethylene sulfide, according 
to their analyses, 


In the first case, the mixture was converied to a bright yellow powder insoluble in organic solvents when it was 
allowed to stand at ordinary temperature, Its composition corresponded to C;H,S3. When the volatile frzction ob- 
tained in the second case was allowed to stand, a white flocculent polymer having the composition C,H,S separated, 
and carbon disulfide remained. 


We propose that in the first case, a copolymer of ethylene sulfide and carbon disulfide having the composition 
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was formed in accordance with the reaction 


4 
xETTC xCHy —CHs—S + CS, | ~S—CH;—CH,—S—C—| “,ETTC, (2) 
Eun NH 399) 


while ethylene sulfide polymer was formed in the second case. In order to explain this difference, we made the 
assumption that in one case volatile products are formed which catalyze copolymerization of ethylene sulfide and 
carbon disulfide. Triethylamine could be such a product, and {t could be formed as a result of decomposition of 
tetraethylammonium bromide remaining in the ethylene carbonate ~ethylene tithiocarbenate mixture. (The bath 
temperature during the distillation was 200-220°.) In the other case, the catalyst was washed out along with the 
ethylene carbonate; therefore, the mixture of ethylene sulfide and carbon disulfide did not yield a copolymer, and 
only ethylene sulfide polymerized when the mixture was allowed to stand, 


For confirmation of this assumption, we mixed equimolar amounts o7 ethylene sulfide and carbon disulfide in 
the presence of triethylamine. The mixture was gradually converted to a yellow powder at room temperature. Ethyl- 
ene trithiocarbonate was extracted from the powder with chloroform, The propertics of the remaining polymer were 
analogous to those of the polymer obtained during distillation of the ethylene tithiocarbonate in the presence of the 
catalyst. 


When tetraethylammonium bromide was used as the catalyst, the reaction between carbon disulfide and ethyl- 
ene sulfide did begin, but it stopped soon afterwards owing to the insolubility of the tetraethylammonium bromide 
in the ethylene sulfide —carbon disulfide system. 


The elemental composition of the polymer corresponded to the elemental composition of ethylene withio- 
carbonate. When heated to 195-290°, the polymer decomposed with the formation of ethylene trithiocarbonate in 
accordance with Eq, (2). The structure of the macromolecule was proved by cleaving the polymer with ammonia, 
as a result of which ammonium thiocyanate, ammonium sulfide, and polyethylene sulfide were obtained. 


The polymer reacted with ammonia fn a sealed ampoule even at room temperature. Ammonium thiocyanate 
could be formed only from the 7: S group: 


--S —CH, —CH,—S—C—] + xNH,SCN + x(NHQ)3S + — CHS}, 
Zz 


Apparently, cleavage of the polymer takes place under the influence of the ammonia to yield ethylene sulfide, which 
polymerizes, and carbon disulfide, which, in turn, reacts with the ammonia, 


EXPERIMENTAL 
The ethylene oxide, carbon disulfide, and tetraethylammonium bromide (in an amount of half that of the 
ethylene oxide) were sealed in glass ampoules and heated at 90-100° for 10 hours, 


The reaction mixture was treated by two methods: 


Method I: The ampoule was opened, the unreacted reactants were distilled, and the remaining reaction mix- 
ture was distilled under vacuum, This resulted in two fractions, one with a b.p. of 72-94°/ 4 mm and one with a 
b.p. of 114-130°/4 mm. 


The first fraction was 2 pale yellow liquid, which crystallized, Three recrystallizations from chlcroform 
resulted in white crystals with an m.p. of 38°, The substance did not contain sulfur. A mixture of this material with 


ethylene carbonate melted without depression of the melting point. The yield was 18,4%, based on the ethylene 
oxide reacted, 


The second fraction was an orange liquid, which also crystallized on cooling. Two recrystallizations from al- 
cohol resulted in yellow crystals with an m.p. of 37°, A mixture with ethylene trithiocarbonate melted without dep- 
ression of the melting point. The yield was 48.6%, based on the ethylene oxide charged, 


: 
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The light, volatile quid collected in the cold trap amounted to 24% of the mixture charged to the distillation, 
It rapidly turned yellow, and then changed into a bright yellow solid material, After it was washed with benzene, 
chloroform, and carbon disulfide, it had the following elemental composition: 


Found %: C 26,82; H 3.07; $ 70,00. CsHiS3. Calculated %: C 26.40; H 2,94; S 70.50. 


When this substance was heated with ammonia and alcohol in a sealed ampoule, polyethylene sulfide, ammonium 
thiocyanate, and ammonium sulfide were obtained, 


Method If, After distillation of the unreacted reagents, the mixture was diluted with chloroform and repeatedly 
washed with water, Ethylene carbonate was separated from the water. The residue remaining after evaporation of the 
chloroform was distilled under vacuum to obtain the ethylene trithiocarbonate. White, flocculent polyethylene sul- 
fide precipitated from the liquid which collected in the trap. Found %: $ 53,27, Calculated for G,H,S %: $53.40. 


When an equimolar mixture of ethylene sulfide and carbon disulfide was allowed to stand at room temperature 
in the presence of triethylamine, the yellow polymer described above was obtained. In addition, ethylene trithio- 
carbonate was also obtained, The reaction proceeded to the extent of 63% over the course of four days. From 7.4 g 
of ethylene sulfide and 9,37 g of carbon disulfide was obtained 5.2 g of polymer and 5.35 g of ethylene trithiocar- 
bonate. 
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Ketonization of acids in the vaper phase over various catalysts is closely connected with the decomposition of 
salts of the corresponding acids in the solid or liquid (molten) phase. The process can take place either in the bulk of the 
catalyst or on its surface, depending on the nature of the catalyst. The ruJes governing ketonization will vary ac- 
cordingly. In the first case, the process will consist of the reaction of vapor-phase CHyCOOH withthe solid, catalyst 
phase and the topochemical process of decomposition with the formation 
of solid and gaseous products (there can be several such processes), In 

the second case, the process will consist of adsorption of CH;COOH on 
the surface of the catalyst, the ketonization reaction, and desorption of 
the products into the gas phase, 


The ketonization of CHyCOOH over Cd and Mg oxides and the 
thermal decomposition of Cd and Mg acetates were studied in detail in 
this work, Descriptions of the method of catalyst preparation, the experi- 
mental procedure for the studies of tiie therma! decomposition of the 
acetates and the ketonization, and the x-ray phase analysis method used 
to study the catalysts and the solid decomposition products have been de- 
scribed in references (1, 2} The ketonization experiments were carried 
out with 1 ce of catalyst under conditions which ensured that the reaction 
would be zero order with respect to CH,;COOH (a space rate of about 6-8 
hours~"). Table 1 presents the results of the experiments on the ketoniza- 
tion of CH;COOH, 


Values of Ey ¢4 calculated from these data were 51 kcal/mole for 
CdO and 114 (324-332") and 39 (332-342") kcal/mole for MgO (see Fig. 1). 


That the change in Egcz in the case of MgO was not associated with diffusion complications was shown by special 
experiments, 


The kinetics of the decomposition of MgAc, and CdAc, were measured gravimetrically over a range of tem- 
peratures, and the data were calculated taking into account the stoichiometry of the equations: 


ounce 


Mg (CHsCOO); = MgCO; + CH,COCHs, 
Cd = CdO +- CO; -+- CHsCOCHs. 


Mathematical treatment of the kinetic data was carried out using the equation due to Erofeev [3] a =1-e7kr® 
The results of this treatment are presented in Table 2 inthe case of MgAcy, the figures I and II denote periods I and 
II of the reaction). 


In which phase ~lquid or solid does decomposition of Cd and Mg acetates take place ? Visual observations 
did not reveal a qansition of the solid phase to a liquid. However, the value of n increased sharply just in the neighbor 
hood of the melting point. By analogy with the decomposition of potassium perchlorate [4], it might be assumed that 


For MgO For CdO 
t, °C \CO,/min /min 
. 324 259 | 0,66 
326 270 
328 272 
329 277 
332 280 
326 286 
37 
338 
sl 
342 
952 


TABLE 2, Thermal Decomposition of MgAc, and CdAcy 


°G | tog | a 


306 
309 
312 
313 (1) 
(11) 
317 (1) 
(11) 
318 (1) 
(II) 
321 (1) 
(II) 
321 (1) 
(11) 
321 (1) 
(II) 
323 (1) 
(11) 


to 0,49 
to 0,39 
to 0,48 
to 0,20 
0,20—0,39 
to 0,26 
0,26—0,40 
to 0,20 
0,20—0,39 
to 0,17 
0,17—0,50 
to 0,25 
0,25—0,60 
to 0,22 
0,22—0,47 
to 0,26 
0,26—0,39 


0,05—0,58 
0,18—0,76 
0,10 
0,03—0,70 
0,03—0,78 
0,10 
0,08—0,61 
0,060.68 
0,11—0,62 
0,08—0,51 
0,14--0,57 
0,08—0,63 
0,050,583 


- 


~ te 


E act 


= 120 kcal/mole (306-318°) Fact = 52 kcal/mole (230-275°) 


* In those cases where the reaction was divided into two periods, values relating to 
period I were used to calculate Eo. 


with the appearance of the solid reaction product, the melting point of the mixture would decrease, the reaction 

would transfer to the melt, and the tate of the reaction would Increase; at the cnd of the reaction when the mass 
solidified, the reaction rate would drop, However, this was not observed In the case of 
CdAo, while in the case of MgAcy, the increase in k in period Il of the reaction was 
associated with a change in the mechanism of the decomposition, 


In addition, an Arrhenius plot of the data gave a single line for the entire tem- 
perature range,® and there was no {induction period in the decoinposition of either CdAc 
or MgAq,; this situation would be impossible if the reaction transferred from the solid 
phase to the Liquid and back. Consequently, the reaction takes place basically in the 
solid phase. Comparison of E,, for the processes shows that ketonization of CH;COOH 
over an oxide and decomposition of the corresponding acetate are characterized by having 
the same energy barrier, The Arrhenius plot for the decomposition of cadmium acetate 
is shown in Fig, 2. X-ray phase analysis of the spent catalysts (an acetate phase was 
found( and the impossibility of the occurrence of ketonization of CH,COOH below the 

decomposition temperature of the corresponding acetates [1, 2] indicate the following stepwise process: MeO + 

+ 2CHsCOOH = Me(CHsCOO) + H,0; Me(CH,;COO) = MeCO, (or MeO + CO,) + CHyCOCH;. The rate limiting step 
in the reaction {is not the formation, but the decomposition of the acetate, The vilue of n in the Erofeev equation 
permits a decision as to whether the decompositicn of the acetate [5] and, consequently, ketonization CH,COOH 
takes place in the kinetic region ( n > 1) or the diffusion region (n < 1), The decomposition of CdAc, is charac- 
terized by n> 1; f.e., the overall rate of the process is determined by the rate of the chemical reaction, The de- 
composition of MgAc, is more complex. At 306-312°, nv 1; at 312-323°, n > 1 in Period I of the reaction, and 
n < 1 in Period I], Consequently, the reaction takes place in the kinetic region in Period I and in the diffusion 
region in Period Il, The change in n from 0.63 to 0.43 with an increase in the temperature Indicates an increase 
in the extent to which the process has entered the diffusion region (5}. Decomposition of the acctate can lead either 
to the carbonate or to the oxide and CO,, In order to choose between these two routes, we subjected CdCQ, to de- 


* This statement refers to the decomposition reaction. Figure 1 related to ketonization, and no Arrhenius plot is showa 
for MgAcg - Publisher's note. 


| 
1,04 230 
0,975 232 
0,975 239 
1,23 240 
0,63 244 
1,18 247 
0,54 255 
1,14 257 
0,53 259 
0,44 264 
1,83 268 
0,62 275 
1,93 
0,54 
1,71 
= 0,40 7 
|| 
953 


composition, and we were convinced that the rate of decomposition of the carbonate {s many times less than the 

rate of decomposition of CdAg, It would seem that CdCO, cannot be an intermediate product in the decomposition 

of CdAq -the mote so since no Lines corresponding to a carbonate phase were present on the x-ray photograph of 

the solid decomposition products formed at 255°, However, when t was less than 255° so that the reaction rate was 
low, we were able to find lines corresponding to CdCO;, These lines were also 
observed when decomposition of the CdAc, was carried out in a stream of Nz rather 
than air. Thus, the primary product of the decomposition of CdAc, is amorphous 
CdCQ,, which decomposes to CdO and CQ,, The absence of a crystal lattice 
faciliates decomposition, At lower temperatures, the rate of decomposition of 
amorphous CdCO, apparently becomes commensurate with its crystallization rate. 


As the kinetic data and the data from x-ray phase analysis show, the charac- 
ter of the decomposition of MgAc, is complicated, and this is associated with the 
ability of MgO to form basic carbonates of different compositions (6}. A com- 
parison of the x-ray photograph of the MgO catalysts with that of the products of 
the decomposition of MgAqg shows: a) An independent MgO phase {s absent in 
the decomposition products of MgAq and fs present in the MgO catalysts, b) One 

_ xefay photograph shows the presence of an MgCOg°H,0 [6} and the other shows the 

absence of an MgCO,°H,O phase. C) The MgAc phase Is amorphous to x-rays in the 

MzAc, decomposition products and crystalline in the MgO catalysts after use; crystallization is apparently a consequence 
of the presence of water, which is liberated during ketonization of CllyCOOH over MgO, d) A solid solution of MgO 
and 5MzC + 4CO, + 5H,0 is formed during decomposition of MgAq (x-ray photographs of MgAc, after 7.5, 11, 15, 
and 20 hows heating at 306"), ¢) MgCO, + H,O and SMgO + 4CO, - 5H,O phases are formed at the beginning of 
the decomposition of MgAc, (312°, a = 0.1). f) In addition to the above phases, there were also some carbonate 
phases, which were also found in a specially prepared magnesium carbonate; the latter was prepared by heating the 
basic carborate at 220° In a stream of CO,, 


Thus, at low temperatures (306-312°), the decomposition of MgAc, proeceds to the formation of MgCO,; de- 


composition of the MgCOy leads-to the hydroxycarbonate, and hydration gives an MgCOy * H,0 phase, Accordingly, 
one kinetic consta7t ts found for the entire course of the process. Since, nv 1, thetopochemical process of de- 
composition simulates monomolecular reactions, At t > 313°, magnesium carbonate {s formed {n Period I decom- 
position, and this undergoes cecomposition by different routes in Perfod Il, The decomposition of MgAq to MgCO, 
takes place in the kinetic region, and decomposition of MgCO, takes place in the diffusion region, 


Let us briefly consider the conversion of the carbonate phase as a stage in the decomposition of the acctates, 
Jucging from the literature data (6), decomposition of magnesium carbonate promoted by water vapor takes place 
in the same temperature region as does decomposition of MgAq,. Decomposition of MgCOy begins at 315° in air, 
i.e., at precisely the temperature at which decomposition of MgAo, proceeds through two periods (Table 2), MgCOy, 
can hydrate in air to MgCOQ, + H,0, which decomposes at a lower temperature and at a higher rate than does Mg hy- 
droxycarbonate, Water vapor promotes decompesition, hydration, and recrystallization of the preparation, Depending 
on the temperature, the limiting stage can be either decomposition of MgAq to MgCO, or decomposition of MgCOy, 
Decomposition of MgCO, apparent'y has an activation energy of 39 kcal/mole, which is in good agreement with the 
activation energy for MgCO, decomposition under vacuwn [7]. Thus, the primary decomposition products of MgAc 
and CdAc, are carbonates, and not oxides, Depending on the temperature, the carbonate further decomposes more 
or less rapidly. 
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Derivatives of indandione-1,3 have been found to be physfologically active compounds, Thus, for example, 
many 2-aryi- and 2-acylindandiones-1,3 are valuable blood anticoagulants and have found practical application 
both in medicine (2-phenyl-, 2-anfsyl-, and 2-naphthylindandiones-1,3, etc) and in the fight against harmful rodents 
(2-diphenylacetyl- and 2-trimethylacetylindandiones etc.), Some 2-amino derivatives of 2-arylindandiones show 
narcotic, antispasmodic, and analgesic properties and two of them are already being tested clinically, Their action 
is similar in many ways to barbiturates; their action {s somewhat weaker than that of the latter, but they are less 
toxic and a habit is formed with them more slowly than with barbiturates (1}, 


In view of this it seemed interesting to couple indandiones-1,3 with barbituric acid and study the properties 
of the products obtained, This task seemed easy. Ionescu [2] had shown that malonic ester adds to benzalindandione- 
1,3 to form I, which we hoped to cyclize by condensation with urea to form the corresponding barbituric acid (II): 


CH, ICH, CH,(COOC,H,), C,H dus —CH (COOC,Hs4)s 


(1) 


— NH 
“co 
\co — NHZ 


Howeves, the malonic ester (i) could not be condensed with urea under any conditions, When the usual con- 
densing agent, sodium ethylate, was used, there was ready hydrolysis of the ester and lactonization of the free acid 
with the enol form of the indand{fone group, as had already been reported by Ionescu [2]. Other condensing agents 
also gave negative results, 


Alloxan in the forin of the monohydrate is known to react readily with substances containing labile hydrogen 
atcms such as phenols (3], acetophenone, dibenzyl ketone, etc. in the presence of various catalysts [4], It was found 
that alloxan monohydrate (IV) reacts readily with indandione-1,3 (III) in dilute acetic acid without any catalyst and 
gives 5-hydroxy -5-indandion - 1,3-yl(2)-barbituric acid (V) in more than 90% yield, 


A cO—NH 
(HO, GH H— 


(IV) (V) 


5-Hydroxy -5-indandion-1,3-yl(2)-barbituric acid {s a white or slightly yellowish crystalline substance with 
m.p. 205-206° (decomp.), As one active hydrogen still remains in the indandione group, the compound dissolves in 
alkalis and amines to form more intensely colored salts, A number of these salts were prepared in the crystalline 
form, They dissolved quite readily in water and acidification of the solutions regenerated the acid V, 


— 


The action of bromine on 5-hydroxy -5-indandion-1,3-yl(2)-barbituric acid cleaved its molecule to forjn 2,2- 
dibromoindandione-1,3, as is characteristic of many derivatives of indandione-1,3, The second product of the cleav- 
age was a mixture of alloxan and alloxantin, 


5-Hydroxy -5-indandion-1,3-yl(2)-barbituric acid was also cleaved by hydroxylamine. The reaction product 
was indandione-1,3 dioxime, 


EXPERIMENTAL 
5 -Hydroxy -5-indandion-1,3-yl(2)-barbituric acid. To 10 g (0.69 mole) of indandione in 50 ml of glacial 
acetic acid was added 11 g (0,09 mole) of alloxan monohydrate in 50 ml of water and the mixture heated to 50°, 
The red solution lightened and a precipitate began to form, 


On the next day the precipitate was collected and washed withasmall amount of cold water. We obtained 
18.8 g (95%) of 5-hydroxy-5-indandion-1,3-yl(2)-barbituric acid with m.p. 202-204" (decomp.). The substance was 
insoluble in benzene and ether and sparingly soluble in water and alcohol, Recrystallization from glacial acetic 
acid gave slightly yellowish crystals with m.p, 205-206° (decomp.). 


Found %: N 9.70, 9.57; C 54.26; H 2.93, CyyHgQ,Ng. Calculated %: N 9,73; C 54.26; H 2,78, 


Potassium salt. To a suspension of 2 g of 5-hydroxy-5-indandion-1,3-yl(2)-barbituric acid in 20 ml of methanol 
was added 1 ml of a saturated methanol solution of potassium hydroxide dropwise and the mixture heated slightly. A 
yellow precipitate of the potassium salt formed, The yield was 1.8 g (82%) and the m.p, above 250°, 


Found %: N 8,59, CpliyNK. Calculated %: N 8.84, 


Diethylamine salt, To a suspension of 2 g of 5-hydroxy -5-indandion-1,3-y1(2)-barbituric acid in 20 ml of 
methanol was added 1 ml of diethylamine (1.8 fold excess) in methanol, The acid dissolved and the dark red so- 
lution deposited orange crystals of the salt. The yield was 1.8 g; a further 0.5 g of the salt could be precipitated 
from the filtrate with ether. The total yield was 92% of theoretical, Recrystallization from methanol with the addi- 
tion of ether yielded orange crystals with m.p. 190-192° (decomp.). 


Found %: N 11.54, Cy7HygO.Ny. Calculated %: N 11,62, 


Piperidine salt, This was obtained analogously to the diethylamine salt. Froin 5 g of ¢-tatne -5-indandion- 
1,3-yl(2)-barbituric acid and 2.5 ml of piperidine (2.5 fold excess) we obtained 5.6 g of the piperidine salt (85%) 
with m.p. 173-175" (decomp.), It was readily soluble in alcohol and acetone, less soluble in water, and insoluble 
in ether, Recrystallization from methanol with the addition of ether gave orange crystals with m.p. 175-177" (de- 
comp.) 


Found %: N 11.19. Calculated %: N 11.29, 


Pyridine salt. This was obtained analogously to the previous salt, From 2 g of 5-hydroxy -5-indandion-1,3- 
yl(2)-barbituric acid and 1 ml of pyridine we obtained 2.3 g of the salt (89% of theoretical), Recrystallization 
from methanol gave yellow crystals with m.p. 197-199° (decomp.); it darkened at 180°, 


Found N 11.09. Calculated %: N 11,33, 


Bromination, To a suspension of 2 g of S-hydroxy -5-indandion-1,3-yl(2)-barbituric acid in 30 ml of glacial 
acetic acid was added 1.5 g of bromine cropwise. The liquid lost its color and hydrogen bromide was liberated; the 
mixture was heated to complte the reaction and the hot solution filtered. On cooling, the solution deposited 1.5 g 
of dibromoindandione with m.p. 176-178", Dilution of the filwate with water yielded a further 0.4 g of 2,2-dibromo- 
indandicne, The total yield was 1.9 g (90%). Recrystallization from glacial acetic acid gave colorless crystals of 
2,2-dibromoindandione-1,3 with m.p. 173-179", A mixed melting point with authentic 2,2-dibromoindandione-1,3 


was not depressed. Evaporation of the filtrate gave a residue with m.p, 238-143° (decomp.). Alloxan and alloxantin 
were found in it. 


Oxime formation, A mixture of 1 g of 5-hydroxy-5-indandion-1,3-yl(2)-barbituric acid in 50 m1 of methanol, 
2 g of hydroxylamine hydrochloride, and 1 g of sodium acetate was heated on a water bath, The red solution lost 
its color and a flocculent precipitate formed, Recrystallization from alcohol gave white, felt-like crystals with m.p. 
232-234" (decomp.); a mixed melting point with authentic indandione-1,3-dioxime was not depressed. 

Found %: N 15,90, 16,20, C,HgN,Q). Calculated %: N 15,91, 


Treatment with hydroxylamine in pyridine gave the same results, 
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In the study of the photolysis of such compounds as CH;I, CH,N,CHy, and (CH3)!ig in the gas phase, in a series 
of papers [1-5] it was proposed that “hot,” f.e., with excess energy, methyl radicals are formed fn the first act of 
photolysis. This seems possible when the energy of the absorbed light quantum substantially exceeds the energy of 
rupture of the bond. The conclusion that "hot" radicals are formed was based on the fact that the yield of methane 
from the reaction CH,” + RH -»CH,+R" is either independent of temperature or this dependence does not obey 

Arthenius's law. The problem of “hot” methyl radicals has been studied 
in most detail in the case of methyl iodide [2, 3], although there are also 
PRK=7 definite indications of their formation in the photolysis of other compounds 


(4, 5} 


leat 
Reaction filter Very little is known of the photolysis of the compounds listed above 
vessel -—= in the solid phase. We should mention the work of Mador [6], who detected 
Clig, and CERI, among the products from photolysis of at 
liquid helium temperature, Electron paramagnetic resonance (e.p.r.) was 
To vacuuin to mano- used to show that methyl radicals were formed when niethyl iodide [7] and 


apparatus eae dimethylzinc (8} frozen at 77° K were irradiated with x-zays, 


vessel The present work was undertaken to study the conversions and con- 
ditions of stabilization of methy] radicals obtained by photolysis of methyl 
iodide, azomethane, acetone, and acetaldehyde at 27° K and to detennine 
the role of “hot” radicals in these processes. To solve this problem we used 
both data from analysis of the gaseous reaction products and e.p.r. data. 


Fig. 1. Plan of apparatus for irradia- 
tion with ultraviolet light at 77° K, 


Cl ar, solid solutions of the compounds studied in methylcyclohexane were subjected to photolysis, The con- 
centration of the solutions was 0,02-0.15 mole/liter, The solution were irradiated in a quartz vessel cooled with 
liquid nitrogen by means of a PRK-7 mercury lamp (Fig. 1). The solutions were pumped out carefully before irradia- 
tion, After the irradiation, the fraction containing methane and nitrogen was {isolated from the solution by allowing 
the latter to warm up and then refreezing to -196° C and then in the same way, we {solated the ethane fraction, 
which did not freeze at -130 to-140°C, The gas pressure was measured with a membrane manometer. The ratio 
between the methane and the nitrogen was determined mass spectrometrically, 


For investigation of the radicals formed by the e.p.r. method, a pumped-out solution was irradiated at 77° K 
in quartz ampoules, 2-3 mm in diameter, which were then transferred without thawing to a Dewar vessel with liquid 
nitrogen and placed in the resonator of the EPR-2 apparatus described in(9} 


In individual experiments we used a BS-5 filter, which tansmits light with A > 3100 A, and a filter filled 
with a mixture of Cle + Brg, which transmits light with A > 2900 A. 


The data we obtained show that the photolysis of azomethane in the solid phase yields mainly nitrogen, the 
number of molecules of which equals the number of melecules of azomethane decomposed, and ethane, the amount 
of which equals the amount of nitrogen within the limits of experimental accuracy. Methane was also detected 
among the reaction products. The CHy/C,H, ratio equals ~ 0,04 and is independent of the light intensity, The only 


i 

ad 

j 

3 


Experi- Photolysis conditions CH, 
mental No, 
Unfiltered light 9.035 
2 0.047 
3 0.042 
4 With a BS-5 filter 0.020 
>3100A 
5 0.016 
6 With a Cl, + Brg filter 0.14 
A < 2900A 
1 0.14 


Fig. 2. E.p.r. spectrum of radicals formed during 
the irradiation of CH,I in methylcyclohexane with 


unfiltered light. 


oe 


Fig. 3. E.p.r. spectrum of radicals formed during 
the irradiation of methylcyclohexane with fast 


electrons, 


gascous photolysis product of CikI is methane, Acetone 
does not decompose under our experimental conditions, 
while acetaldehyde decomposes only slight to CO and CH,, 
which are formed in approximately equal amounts. 


The decomposition of azomethane ir the solid phase 
probably proceeds in the same way as in the gas phase ac- 
cording to the reaction CH,N,CH, -» 2CH;" + The 
formation of ethane during the photolysis cf azomethane 
may occur both as a result of the recombination of methyl 
radicals diffusing freely in the matrix and as a result of 
their recombination inside a “cage.” However, as is shown 
by simple calculation, only in the first case should the ratio 
CH,/C,H, depend on the light intensity, The data given 
above indicate. that in the photolysis of azomethane, the 
radicals recombine mainly inside a “cage.” 


The formation of methane during the photolysis of 
methyl fodide and azomethane Indicates that the absorp- 
tion of a hydrogen atom from a solvent molecule by a 
methyl radical, whose activation energy in the gas phase 
is 6-9 kcal/mole, proceeds at an appreciable rate even 
at 77° K, These facts may be explained by assuming that 
“hot” methyl radicals are also formed during the photo- 
lysis of these compounds in the solid phase, 


The photochemical decomposition of acetone in the 
gas phase at a temperature less than 100°C {s known to 
proceed with the rupture of one of the C—CHy bonds {1}, 
The stability of acetone during photolysis in the solid phase 
indicates that {n contrastto the case of Ci;1, “hot* methyl 
radicals are absent, This {s connected with the fact that 
the energy of the C~C bond in acetone (77 kcal/mole) 
(10) is much higher than the energy of the C~I bond in 
methyl] fodide (54 kcal/mole), while the mass of the 
CH,CO’ radical is much Jess than the mass of an fodine 
atom, The CH," and CH;CO’ radicals formed during the 
primary act in the photolysis of acetone evidently re- 
combine inte the starting molecule in an overwhelming 
majority of cases, The formation of CH, and CO during 
the photolysis of acetaldehyde may be connected with 
either intramolecular decomposition by the reaction 
CHyCHO -» CH, + CO or with disproportionation of the 
radicals formed in the primary act: 


CH,CHO CH; + CHO", 
CH, -+ CHO’ CH, + CO, 


To confirm the hypothesis on the participation of “hot® methyl radicals in the formation of methane, we carried 
out the photolysis of azomethane with light with different ranges of wavelengths, The data obtained are given in 
the table, The fact that a change in the wavelength from A < 2900 A to A > 3100 A led to an increase in the 
ratio CH,/C,Hg by a factor of 7 confirms the hypothesis that methane {s formed from "hot" methyl radicals, the 
propertion of which is higher the higher the energy of the absorbed quantum, 


Figure 2 gives the e.p.r. spectrum of radicals formed during the irradiation of CHyI with unfiltered light from 


a mercury lamp and Fig. 3 gives the spectrum of the methylcyclohexyl radical obtained by irradiation of methyl- 


cyclohexane at 77° K with fast eiectrons.® These spectra are very similar. Thus, the spectrum in Fig. 2 belongs to 
the methylcyclohexyl radical obtained by abstraction of a hydrogen atom from a methylcyclohexane molecule, 


Figure 4 gives the spectra of radicals formed by irradiation of azomethane in methylcyclohexane with unfiltered 
light from a mercury lamp (Fig. 4a) and light with A > 3100 A (Fig. 4b). In both spectra it is possible to distinguish 
four components with a splitting’of ~23 oe and a ratio of 
intensities approximately equal to 1:3 :3: 1, which in- 
dicates the presence of methyl radicals, The other lines, 
which belong to the methylcyclohexyl radical, occupy the 
same positions in both spectra, but their intensities relative 
to the lines of the methyl radicals differ. Particularly 
outstanding in the spectrum in Fig, 4b are the two side lines, 
pl which are present in Fig. 4a only as small shoulders, and 
the distance between them corresponds to the splitting be- 
tween .he outer lines in Fig. 2. On the basis of this it 
Fig. 4. E.p.t. spectrum of radicals formed during the may be conclu-ed that {in the casc illustrated by Fig. 4b 
irradiation of azomnethane in methylcyclohexane: a) the ratio /R” (where R” is the methylcyclohexyl radical) 
Unfiltered light; b) light with X > 3100 A, The is less than in the case illustrated by Fig. 4a. 


Thus, the methyl radicals obtained during the photoly- 
rf sis of azomethane in the solid phase mays 1) Recombine 
immediately after their formation in a *cage® (formation 
of C,1\), 2) undergo a teplacement reaction with molecules 
of the medium (fonnation of CH, and R°), or 3) be stabilized and escape from the “cage” (e.p.r. spectrum of CH,” 
radicals), The proportion of these routes depends on the energy of the light absorbed. An Increase in the latter leads 
firstly, as was noted above, to an increase in the proportion of methy! radicals reacting with molecules of the medium 
to form methane in comparison with those recombining and secondly, to an increase in the proportion stabilized and 
escaping from the *cage" {n comparison with the CH, radicals reacting. Thus, the results obtained lead to the un- 
equivocal conclusion that “hot methyl] radicals are formed during the photolysis of CH,I and Cli,N,CHs in the solid 
phase. On the other hand, frem these data it also follows that the nature of the interaction of these “hot” methyl 
radicals with molecules of the same medium (methylcyclohexane) depends on the structure and energy of the bonds 
of the molecule decomposing to form the CH," radical and on the wavelength of the light producing this decomposi- 
tion, This effect is evidently connected with the difference in the nature of the excitation of the “hot” methyl 
radicals formed by different methods, 


In conclusion, the authors would like to thank Corresponding Member Acad. Sci. USSR V. V. Voevodskif for 
participating in the discussion of the results and N, N. Bubnov for plotting the e.p.r. spectra. 
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Interest in rhenium has recently increased considerably {n connection with the expansion of the range of ap- 
plication of rhenfwm and the sources of its raw materials [1-3], The study of the concentration and {solation of 
rhenium by pyromctallurgical treatment of sulfide materials requires a knowledge of the physicochemical properties 
of its compounds, The vapor pressures of ReSz, ReQ,, and ReO, have been studied by a flow method (4, 5}, There are 
no other data on the vapor pressure of these rhenium compounds in the Mterature, 


In the present paper we present the results of studying the saturated vapor pressure of rhenium disulfide, dioxide, 
_ and trioxide by the effusion method, The starting materials were prepared in evacuated quartz ampoules by a known 
procedure [6]. The metallic rhenium used for their preparation contained 0,00057 Al, 0.009% Fe, 0.008% Ca, 0.022% 
K, 0.001% Cu and 0.005% Mo. Sulfur of special purity was used for the synthesis of rhenium disulfide, 


The ReS; obtained contained 73.88% of rhenium and 25.20% of sulfur as compared with the theoretical contents 
of 74.3% Re and 25.61% S, The rhenium oxides had the following compositions: ReQ, 85,987 rhenium (theoretical 
85.34% Re) and ReO, 79.54% rhenium (theoretical 79,51% Re). The materials were ground to 0.1 mm, 


The apparatus used for the investigation differed from that described previously [7) in that the thermocouple 
lead extending into the reaction zone directly to the sample had a water-cooled ground joint. When high vacuum 
(1°1078 — 1-10-* mm Hyg) had been reached, the effusion vessel with the sample of material was moved into the iso- 
thermal zone of the furnace with an electromagnet. 


The effusion vessel was a small quartz ampoule; the opening at the blown-out end of the ampoule was made by 
grinding. The edge of the opening had an insignificant thickness, which made it possible to assume that the correc- 
tion coefficient in the calculation formula equalled unity (8} The area of the opening in the ampoule was measured 
on a metallographic microscope, 


The experimental apparatus was checked and the method adopted for making openings in the ampoule and 
determining their area evaluated by measurements of the known vapor pressure of potassium chloride at 618-400", 


The results obtained agreed well with the data of other authors, Indicating that the investigation method chosen 
gave reliable results, 


The equilibrium vapor pressure was calculated by means of Knudsen's formula, rearranged in the form 


lg P= Aq + —1/,M —lga + 4,4558, (1) 


where P is the vapor pressure in mm Hg, Aq {s the weight of substance evaporating in mg, T is the absolute temper- 
ature, a is the area of the opening in cm*, r is the experiment time in minutes, and M is the molecular weight of 
the substance in the vapor form. 


The size of the openings in the ampoules used for each substance is given in the figures. A change in the size 
of the opening had little effect on the rate of escape of the vapor per unit area of opening, which indicates that the 
equilibrium vapor pressure was reached in the ampoules, The variations in furnace temperature during an experiment 
did not exceed 43°, The ampoules with the samples were weighed with an accuracy of ¢ 0,02 mg. 
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Figure 1 gives experimental data on the vapor pressure of rhenium disulfide over the range of 505-700", The 
values obtained agree closely with the data of previous investigators (4}, The temperature dependence of the saturated 
vapor pressure of ReS, may be represented by the equation: : 


4 3,214 


(P in millimeters), whence the change in the isothermal isobaric potential AZ*p = 22665-1,523 » T, The enthalpy 
of sublimation equals 22.66 kcal/mole, 
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Fig. 1. (Change in the vapor pressure of rhenium disulfide Fig. 3. Change in the vapor pressure of 
with a change in temperature. 1) According to our data: thenium trioxide with a change in tem- 
1) a = 1.813 - 107; 1) a = 3.64~* 107; II) a = 9,961-1074; perature. 1) According to the data in 
2) according to the data in (4}, (5); 2) according to our data: I) a= 
= 3.20 + 1079; 1) a= 1.023 - 10°; Im) 
a = 3.02 - 
ob ee An estimate of the dissociation pressure of 
| therium disufide at 500-700 according to the 
or data of R. A. Isakova and V. D. Ponomarev (4) 
ol showed that the sulfir vapor pressure at 500° fs 
0.009% and at 760°, 3.2% of the equilibrium 
pressure, which is less than the experimental error. 
3 {2 U 10 gg The results of measuring the saturation 
— }-105 vapor pressure of rhenium dioxide and trioxide are 
iven in Figs, 2 and 3, which show that our data 
Fig. 2. Change in the vapor pressure of rhenium dioxide Sifter pl re from literature data obtained 
with a change in temperature. 1) According to 4 data by the flow method, It should be noted that the 
in {5}; 2) according to aut Cotas maximum relative error of the effusion method 
in our investigation was 5-6%, In the case of the 


flow method, in addition to errors characteristic 

of the given method [9], in work with substances 
which are readily oxidized on heating, which include ReQ, and ReQ,, there may be an additional error as a result 
of inadequate removal of oxygen and water vapor from technical nitrogen, 


The saturated vapor pressure of ReOQ, was studied over the range of 650-785" and above 785° there was appreciable 
Gisproportionation of rhenium dioxide. The temperature dependence of log P is given by the equation: 


Ig P= 11,65 @) 


(P is in millimeters), The isothermal {sobaric sublimation potential = 65637-49.11 T and AH; = 65,64 
kcal/mole, 
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The temperature dependence of log P for rhenium trioxide over the range of 325-420" fs given by the following 
formula: 


igP = — + 15,16, (4) 


whence AZ*p = 49785-56,1 * T and AH’y = 49.78 kcal/mole. 


The vapor pressures of ReQ, and ReQy calculated from formulas (3) and (4) reach 760 mm Hg at temperatures 
of 1363 and 614”, respectively. 


Consequently, in the oxidative roasting of sulfide concentrates, rhenium trioxide, like the heptoxide, will pass 
into the gas phase, 
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The mechanism of polymerization {n the presence of combined catalysts has not been studied adequately as 
yet. Most work on the mechanism of these processes is concemed with polymerization and copolymerization of ethyl- 
ene with propylene. To determine the rules of polymerization it is necessary to increase the range of systems studied 
and, in particular, it {s interesting to use monomers of different structures, 


We studied the polymerization of {soprene both alone and together with styrene under the action of titanium 
trichloride and tricthylaluminum, The reaction was carried out in benzene to prevent precipitation of the polymer 
from solution, 


The dilatomeurc method was used for polymerization, The purification of the starting materials differed Little 
from that described previously, but we also introduced additional drying of the isoprene and benzene with ethyllithium 
and purification of the fsoprene through the sulfone, The 
components were measured out largely as described previ- 
ously (1}, 


The main kinetic relations for both polymerization 
ab and copolymerization were determined at 75° and the degree 
J a of conversion did not exceed 10 wt. %, 
red q of The processing of the polymers for determination of 
: we the viscosity, molecular weights, and composition was 
i 2 Mole/liter carricd out in an atmosphere of dry argon, The weight- — 
(C4) — mean molecular weights (Ny) were measured by light scat- 
tering and the number-mean molecular weights (M,) by 
osmometry. The compositions of the copolymers were deter- 
mined by infrared spectroscopy, ° 


Mole/lter + min 


Fig. 1, Relation of polymerization rate to fsoprene 
concentration, 1) Experimental points; 2) points 
calculated from equation (9), 
The relation of the polymerization rate to the titanium 
tichloride concentration, the monomer concentration, and 
the temperature was determined for the polymerization of isoprene alone, The molecular weights of the polymers 
obtained were also determined. 


It was found that the rate of the process was proportional to the amount of titanium trichloride per unit volume. 
In accordance with this it may be concluded that the number of active centers {s determined by the concentration of 
TiCl, + Al(C,Hs) complexes on the surface of the titanium chloride, It should be noted that all the work was carried 
out with one batch of titanium tichloride with a mean grain size of 1.5-2 p. 


It was established that the proportionality between the polymerization rate and the monomer concentration, 
which is observed in the polymerization of olefins [2-4] and styrene [1], is not found in the polymerization of isoprene. 
The polymerization rate increased more slowly than the isoprene concentration (Fig. 1). 


* The authors are grateful to N, V, Makletsov and A. P, Golovina for determining the molecular weights of the polymers 
and also to N, V, Desyatova for the spectrometric measurements, 


It may be imagined that, as waz considered previously [1, 4], the polymerization process proceeds on the 
catalyst surface through the formation of a complex of the monomer with the titanium component of the catalyst 
with subsequent Insertion of the polarized molecule at the Al-C bond: 


An analogous mechanism was proposed previously by other authors [5-7], Assuming that the initiation does 
not substantially affect the polymerization rate and that the size of the molecular polymer chains {s limited by chain- 
transfer reactions, which are accompanied by regeneration of the active center, it {s possible to express the rate of 
styrene polymezization (Va) and the rate of {soprene polymerization (Vg) in the following way: 


Va = Kaa [Aloy  @) 


where Kaa {s the rate constant of the reaction of an adsorbed styrene molecule A with an end group of styrene in the 
polymer chain; [A] {s the concentration of end groups of styrene in the polymer chains (in individual polymerization 
this equals 1); a, fs the fraction of active TiCl, + AlRs centers occupied by styrene molecules on a catalyst surface 
corresponding to 1 mole of TiCl,. 


Molecular Welghts of Polymers (The molecular weight of polystyrene was of the order of 
1000000 [1) 


le 
mole/ le/lit le/ Lit 
/ Liter ter + min 


From the conditions for a stationary state, 04 may be expressed by the equation: 


K’, (A) 
Ka + Kaa -+ Ky (A) 
where K', and K*, are the rate constants of adsorption and desorption of styrene, respectively; (A) {s the styrene con- 


centration in the volume. As the styrene polymerization rate is proportional to the monomer concentration, then 
K'a(A) « + Kaa and 


Ky 
A =Kaa OAK (A) = KaaKa(A (5) 


From experimental data, KaaKa = 1+ 107 liter/mole - min, Taking analogous symbols with the subscript B 
for isoprene, the isoprene polymerization rate Vg {is given by the equation: 


* All the values of the rates, o, and the rate constants refer to a catalyst surface corresponding to 1 mole of TiC. 
The true rate ccnstants may be calculated by dividing the constants obtained by the number of moles of TiCl,-AlR, 
complexes per mole of TiCl, 


P Po 
mam [isoprene Mol, wt. 107 
in start- 
turg mol 
0,97 = 3,42 3.63 ~ 100 2,15 50 yo 
3.03 3.72 3,82 100 2.25 1 
1,25 0.66 3:86 3:17 11,8 67,2 2,30 vo 
0.95 1,91 3.58 3,22 5,2 45.5 2,00 - 373 
3.60 6,26 5,86 13,0. 2,00 - 
| 
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Vp = Kop op 
({B) equals 1 in the polymerization of isoprene alone). 


Ky(B) 
Ky +Kng + Kp (8) 


Son 


In the region of low {isoprene concentrations, K'p(B) « K"g + Kgg and then 


p(B) 
Vu = Kao = XooKa (B). 


From the linear equation (9), which {s obtained from equations (6) and (7), 


1 1 1 { 
(9) 


and by using the values of Vg and (B) given in Fig. 1, we determined the values Kpp = 4.15 « 107 min“ and Kg = 

K*g + Kps 
Fig. 1 shows the calculated values of Vg for low isoprene concentrations, 


= 0.65 liter/mole and also KpgKg = 2.7 + 107 liter/mole + min. In addition to the experimental points, | 


From the data on the temperature dependence of the fsoprene polymerization rate over the range from 60 to 
95° we obtained the value of 13 kcal/mole for the total activation energy. 


In the investigation of the molecular weight of the polyisoprene {t was found that the ratio M,,/Mpy was close 
tol (Table 1), i.e. asin the polymerizationof isoprene with TiClg AlR, [8], the polymer obtained was monodisperse. 
In addition, it is evident that the molecular weight of the polyisoprene, like the molecular weight of the polystyrene 
{1} obtained with the same combined catalyst, depends little on the monomer concentration. In a study of copolymer- 
ization, we determined the compositions of the copolymers” and the relation of the polymerization rate to the com- 
position of the starting mixture. 


Figure 2, which gives data characterizing the relation of the copolymer composition to the starting mixture 
composition, shows that the copolymers were enriched in {soprene to a considerable extent in comparison with the 
starting miature, 


The rates of incorporation of {soprene and styrene into the copolymer in the given system are determined by 
the equation: 


— IAI (I — 05) + [BI (1 -- 09), (10) 


== + Kass [A]. (11) 


The copolymerization constants r4 and tg, which were calculated from the data on the compositions of the 


copolymers by means of the normal differential form of the composition equation, are equal to the ratios of the 
constants given below and the values: 


KaKaa 


* The complete solubility of the copolymers enriched in styrene in butanol (in which polyisoprene {s insoluble) and 
of copolymers enriched in isoprene in octane (in which polystyrene {s insoluble) demonstrated the absence of homo- 
polymerization under the given conditions, 
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Mole/liter- min 
24 


20 


16 


polymer 
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C;Hg content of co 


0 mol. % 2 60 60 W0.mol.% 
C.He content of starting mixture CsHg content of starting mixture 
Fig. 2, Relation of copolymer composition to Fig. 3. Relation of copolymerization rate to 
starting mixture composition, starting mixture composition: V" {s the rate 
for a total monomer concentration of 2 
mole/ liter, referred to the same amount of 


Figure 3, which gives the change in the copolymer- titantum trichloride per Iter. 


ization rate in relation to the composition of the starting 
mixture, shows that the copolymerization rate is con- 
siderably lower than the rates of polymerization of {soprene and styrene separately. Isoprene shows a particularly 
strong inhibiting action when small amounts of {t are added to styrene, 


The inhibition {s caused by the reduction in the rate of the reaction (2) when a styrene molecule is replaced 
by {soprene in the end units of a growing chain, The valucs obtained from experimental data for the ratio of the 
corresponding rate constants of reaction (2) for the addition of a styrene molecule to an end group of styrene (Ka a) 


K 
and fsoprene (Kp) fy = Pg = 2.2,” and for the addition of an {soprene molecule to an end group of isoprene (Kgg) 
and styrene (Kap) fp = 7 = 0,27 are in agreement with this hypothesis, 


It is interesting to note that the molecular weights change symbatically with the polymerization rate for start- 
ing mixtures of different compositions, as is shown by comparing the data in the table and the curve in Fig, 3. 
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Ka 
Mter/mole + min. From the value obtained and from the product K,K,y,=1-10-* _ liter/mole - min, we found 


K,K 10-8 KaKaa 
= = 2,2, From the value and K,K,,=1- 10% 


K,K é 
27. 


From the above values = =6 and KgXpgg =2,7-10-? liter/mole - min, we found K,Ky, = 0,45-19°* 


the ratio Kaa = 
KaXpa 


liter/mole - min, we found KgX,gg=0,1  Lter/mole - min and the ratio Kos = <a 
Kap 
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The investigation of chemical interaction between metallic compounds {s of considerable interest. Solid so- 
lutions based on these compounds have been named metallide solid solutions, The basic conditions determining the 
formation of continuous solid solutions between compounds with a metallic bond were examined theoretically in (1}, 
These investigations were developed in {1-7}, There are reports in the literature [8-12] that titanium compounds 
(Ti,Al and TiAl) may be formed in the system Ti~Al from a-solid solutions, These suppositions were based on data 
on various properties of the binary system Ti-Al. According to [10], an x-ray study of the alloys showed the pres- 
ence of an ordered phase with the composition Ti,Al, In a galvanomagnetic study of the alloys [12], points of in- 
flection on the plot of composition against the Hall effect indicated compounds with the compositions T{,Al and 
TiAl, Thus, it may be considered that one of these compounds, Ti,Al, in the system Ti-Al {s formed from a -solid 
solutions of titanium with an ordered structure, The lattice of this compound {s hexagonal and it is fsomorphous in 
structure with the compound TigSn (45.24 wt. % of Sn) (see (13). It melts with an open maximum at 1653° (14) 
and has a hexagonal, closely packed lattice. In an investigation of the equilibrium diagram of the ternary system 
titanium —aluminum —tin (15] by microstructural and x-ray methods {ft was established that there {s a considerable 
region of ternary solid solutions based on a-titanium and the compound Tij;Sn, which nave a hexagonal structure. 


In the present work we studied the phase diagram and properties of alloys of the ternary system Ti-—Al-Sn, 
corresponding in composition to alloys lying on the cross section T4;A1—TiySn, The alloys were studied by means of 
thermal, microstructural, and x-ray analyses and measurements of the electrical resistance and hardness. 


The alloys were prepared from sponge titanium of TG-00 grade (with a tensile strength of ~38 kg/mm"), 
aluminum, and tin of a high degree of purity. The alloys were prepared by fusion in an arc furnace with a per- 
manent tungsten electrode in an argon atmosphere. The crystallization and solfd-state phase conversions of alloys 
of the Tis;A1—Ti,Sn cross section were studied by plotting the heating and cooling curves by the contactless thermal 
analysis method on N, A. Nedumov's apparatus (16}. The heating and cooling rates were 23-25°/min. Samples 
annealed under the conditions described below were used for the investigation. 


Analysis of the thermograms madc it possible to construct liquidus and solidus curves for alloys on the Ti,A1-Ti,Sa 
cross section and also to determine the solid-state conversion points for alloys with polymorphic or other forms of 
conversion, The melting-point diagram constructed from thermal analysis data shows that the alloys crystallize 
eutectically with mutually limited solid solutions. The liquidus and solidus temperatures fall both from the side of 
crystallization of the 8-solid solution of the Ti-Al system and from the TigSn side. Over the range of 1590-1615*, 
alloys containing 40-80% of Ti;Sn (~16-36% of Sn) crystallize as eutectic mixtures consisting of two phases: a 
B -solid solution based on the Ti-Al system and a ternary 6 -solid solution based on the compound Tij;Sn, The 
eutectic point corresponds to 45% TijSn (~20 wt. % of Sn), 


Most of the alloys studied undergo a solid-state conversion, caused by the polymorphism of titanium, For the 
alloy with the composition T{,Al, the beginning of the transition from the « (5) region into the B + a (5) region 
corresponds to the temperature of 1120°, The addition of TisSn to TiAl first produces some fall in the temperature 
of the a =* 6 conversion to a minimum of 990° at 60% of TiSn with a subsequent slight rise to 1035° (see Fig. 1). 


On the thermograms of alloys of the TiyAl-TigSn cross section close to the composition TiAl, at temperatures 
below 960° there are additional thermal effects, which are denoted by crosses in Fig. 1, The presence of these effects 


i 

{ 

a 
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is connected with the formation of Ti;Al compounds from @ (5)-solid solutions, According to thermal analysis data, 


the temperature of formation of this compound in the binary system TiAl equals 960°. This temperature gradually 
falls with the addition of TijSn, as is shown by the broken Line, 


The microstructure of alloys of this cross section was studied in the cast state and after the following thermal 
treatments: 1) homogenization and stepwise annealing at temperatures of 1200, 1100, 1000, 800 and 600° for 100, 
50, 200, 300 and 500 hr, respectively, with subsequent cooling with the furnace; 2) quenching in water from temper- 
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Fig. 1. Phase diagram of the cross section 


atures of 1500, 1200, and 1000° after remaining at each temper- 
ature for 3, 50, and 100 hr, The quenching from 1500° was carried 
out in a vacuum quenching furnace and from 1200 and 1000°, in 
evacuated quartz ampoules, To accelerate the establishment of 

the equilibrium state, almost ail the alloys were deformed by pressing 
with a low degree of deformation (10-15%), 


The alioy samples were etched with a mixture of hydrofluoric 
and concentrated nitric acids and glycerol (1 : 1 : 2). 


A microscopic investigation of cast alloys confirmed the 
eutectic nature of the crystaliization of the alloys, The alloys in 
this «tate containing up to 30% of Ti,Sn (13.5 wt. % of Sn) are 
solid solutions based on 6-titanium, In alloys containing more 
than 30% of TiySn, there is separation of a second phase, namely, 
the 5-phase, The two-phase region of B + & (a) of this cross 
section is quite extensive. With a further increase in the TiSn 
content of the alloys, there is a decrease in the amount of the 
eutectic and an increase in the amount of the excess phase (based 
on the compound Ti;Sn), Alloys containing more than 80% of 
TisSn are solid solutions based on the compound TijSn, A study of 
the microstructure of quenched alloys showed some Increase in the 
maximum solubility of the compound T{jSn in the 8 -solid solution 
of titanium with an increase in the quenching temperature. 


An investigation of the m{icrostructure of annealed and slowly cooled alloys showed that all the alloys have a 
monophase structure, which indicates the formation of a continuous series of sclid solutions based on the a-solid so- 
lution of the system Ti-Al and the compound Ti;Sn, As an example, Fig, 2 shows the change in the microstructure 


< TAY 
> 


“~~ 


Microstructures of alloys, a) 50% TisAl, 50% TigSn cast; b) 50% TiAl, 50% TigSn, 


annealed, 200x, 


of the alloy containing 50% of TigSn and 50% of TisA1 during annealing. The structure of the cast alloy consists of 
excess separations of crystals of the 5-phase, which appear white, and the eutectic 6 + 5 (a) (Fig. 2a), After 
annealing, the same alloy has a monophase structure and polyhedra of the a (5)-solid solution can be seen (Fig. 2b), 


| 
1400 
00 9 @ ofe 
09 
wd e 
900 
7 a(6) ofa) 
a 
969 


, _ Alloys annealed for a long time were subjected to x-ray structural analysis, Powder diffraction patterns were 
obtained with copper radiation, The x-ray patterns of annealed alloys of tus cross section were identical for all the 
alloy compositions studied and had only one system of lines corresponding to cither a-titanium or the compound 
TiySn, No superlattice lines could be detected on the x-ray 
patterns of the ternary alloys in the same way as with the 
binary alloy with the composition TijAl, This problem requires 
ohm - mm?/m kg/mm? further investigation, 


The continuous series of solid solutions of annealed alloys 
of the Ti,A1—T{,Sn cross section studied was confirmed by the 
curves of the change in hardness and electrical resistance given 
in Fig. 3. The two curves are symbatic and pass through a flat 
maximum characteristic of systems with continuous solid so- 


lutions, 
: i t i 1___ 3400 Thus, on the basts of data from thermal, microstructural, 
and x-ray structural analyses we constructed a phase diagram 
, of the cross section of the ternary system Ti-Al—Sn passing 
Fig. 3. Specific electrical resistance and hard- through the compositions of the metallides Ti;A1—TijSn (Fig. 1). 
ness of alloys of the cross section TiyA1-TiSn, The alloys of this cross section crystallize as mutually limited 


solid solutions based on the 8 -solid solutions of the system 
Ti-Al and the compound Ti,Sn with the formation of a 
eutectic mixture. With slow cooling, these mixtures form a continuous series of a (5)-solid solutions as a result of 
phase conversions, With prolonged annealing at 960°, the «-sol{id solution of the system Ti—Al forms the compound 
T{,Al, which, in its turn, gives solid solutions with the compound TijSn, In this state, the alloys of the Ti,Al—Ti,Sn 
cross section are continuous solid solutions with a hexagonal crystal lattice. 


The alloys of this cross section of the Ti-Al~Sn system Investigated are an example of a complex equilibrium 
of phases, which changes considerably with temperature and as a result of solid-state conversion, 


The metallide continuous solid solutions in the alloys of the Ti;A1—T4,Sn cross section exist in alloys annealed 
for a long time, The formation of such solfd solutions should be regarded as the continuous replacement of tin atoms 
in the TijSn lattice by aluminum atoms without a change in the crystal lattice type. 
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Asa result of their high radiation stability, inorganic compounds have found increasing application as fon- 
exchange materials {n recent years, In a number of cases, inorganic fon-exchange materials have a high selectivity 
and therefore make possible rapid and efficient separation of elements with similar chemical properties, In addition 
to zeolites and clays, which were used previously, metal oxides (ARO;, ZrQ,, TiQ,, SnQ,, ThO,, etc.) and some salts 
(for example, zirconium tungstate, molybdate, and phosphate) are now used [1, 2}. 


A study has becn made of the fon-exchange properties cf ammonium salts of the following heteropoly acids: 
phosphomolybdic, phosphotungstic, silicomolybdic, silicotungstic, and arsenotungstic acids. It was found that thelr 
exchange capacity and selectivity toward individual alkali metals are higher than those of organic resins, for example, 
in 0.1 N solutions of ammonium nitrate, for ammonium phosphomolybdate, Kd(Cs) = 5515, Kd(Rb) = 193, for am- 
monium phosphotungstate Kd(Cs) = 3950, Kd(Rb) = 134, and for the organic cationite Dowex-50 Kd(Cs) = 62 and 
Kd(Rb) = 52 (9}, 


We previously attempted to separate the hea. v alkali metals (Fr, Cs, and Rb) by coprecipitation with various 
heteropoly acids [12-15], However, the differences in degrees of coprecipitation found for individual alkali metals 
were considerably decreased when these metals were present in a mixture, For this reason the quantitative separation 
of heavy alkali elements by coprecipitation with heteropoly acids and also with other precipitates was not achieved, 


Smith and his co-workers recently published a paper [10] on the separation of alkaif metals on a column of 
ammonium phosphomolybdate. Kritil and Kourzhim [11] showed that the chemical stability of ammonium phos- ~ 
photungstate in neutral and strongly acid media fs higher than that of ammonium phosphomolybdate and the sorption 
capacity of the former is twice as great as that of the latter. In the light of this it seemed interesting to separate 
the most difficultly separable heavy alkali elements on a column filled with ammontum phosphotungstate. 


Particular attention was paid to the preparation of the column In our work. The preparation of a column from 
ammonium salts of heteropoly acids {s considerab!y complicated by the very high resistance of the finely crystalline 
salt to solution flow. A loose filler had to be used to decrease the hydraulic resistance of the column, As the filler 
we used finely fibrous tremoliteasbestos, which belongs to the group of amphibole asbestoses, This asbestos was found 
to be the best filler among the materials we tested (silica gel, glass fabric, cellulose, and cork dust). 


A glass column with an internal diameter of 5 mm and a height of about 30 mm was filled with a suspension 
of asbestos in 1 M NH,NOy solution, Through: it was passed a 0.2 M solution of phosphotungstic acid and then a 0.3 M 
solution of NH4NO, and the salt formed was held firmly by the asbestos fibers. We then introduced 0.1 ml of a 1M 
solution of HNO, containing Rb™ and Cs®* in the presence of 10-4 and 10-* M of rubidium and cesium, respectively, 
Experiments on the sorption of Cs™* by asbestos showed that under these conditions, only 10% of the activity in- 
troduced was adsorbed and this was very readily eluted with water. 


Absorption of the 8-radiation in an aluminum filter was used to identify the activities, As a result of the 
great differences of the energies of the 6 -particles of Rb™ (1,79 Mev) and Cs™* (0,65 Mev) [16], it was possible to 
select a filter in which the degrees of absorption of the B -rad{ations of these isotopes differed strongly, A filter 
with a thickness of 204 mg/cm* was found to be most suitable, The radioactivity of the fractions after separation 
on the column was measured with an MST-17 end-window counter both with the aluminum filter and without it. 


By this method of counting it was possible to identify very sunply the rubidiwn and cesium peaks obtained on the 
chromatogram and when they were cluted together, to determine quite accurately the relative amounts of each of 
the tsotopes in the fractions from the formulas: 


Arp = 6,82-Aay — 0,31 - Atotal 
Ac, = 1,31- Atotai- 6,82-Aay, 


where Any and Ac, are the activities of Rb® and Cs", respectively, A Aj is the total activity measured with the 
filser, and Agoray is the total activity without the filter. 


The Rb™ and Cs” were eluted from the column with ammonium nitrate solutions of various concentrations 

from 0.3 M to 10 M, epee showed that rubidium is eluted with 1 M NHjNO, solution and cesium by 6 M 

NH 4NO, solution, An efficient separation was achieved 
in 40-45 min. The chromatogram obtained in this case 
{is shown in Fig. 1. For the separation of rubidium and 
cesium we also tested ammonium salts of other hetero- 
poly acids, namely, silicomolybdic, phosphomolybdic, and 
silicotungstic acids, It was found that rubidium and 
cesium can also be separated by means of ammonium 
silicomolybdate, but this salt is more solubfe in NII,NO, 
solutions than ammonium phosphotungstate and therefore 
is eluted slowly from the column, Chromatograms analog- 
our to those given in (10] were obtained for ammonium 
phosphomolybdate. Because of its high solubility in am- 
monium nitrate solutions, the silicotungstate could not be 
used for chromatographic separations, 


The method of chromatographic separation of am- 
monium phosphotungstate described may be very effective 
for the separation of highly active isotopes of rubidium and cesium because of the high rad{ation stability of these 
salts. 
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In a previous communication [1] we reported the preparation of intermediate products from the addition of 
trialkyl phosphites to a-diketones: 


CH;—C=0 
cH,—d=0 


These compounds, which have the structure of 1,2,3-dfoxophospholenes and are derivatives of pentacovalent 
phosphorus, were {solated in a chemically pure state and their properties characterized (1, 2, Werccently observed 
another extremely interesting property of these compounds, In an attempt at vacuum distillation in an inert atmos- 
phere on a fractiorating column with an efficiency of 15 theoretical plates, the addition product of tripropyl phos- 
phite and biacetyl decomposed to give a product with a much lower boiling point than the starting material, When 
the low-boiling product isolated was redistilled, it had a sharp boiling point and was identified as pure tripropyl 
phosphite (b.p, 83° at 10 mm, nf? 1.4265; Literature data [3], b.p. 83° at 10 mm, nif 1.4265), It reacted with a cuprous 
halide at a high temperature to form a crystalline complex and when biacetyl was added to it, the starting addition 
product was obtained again, The tripropyl phosphite was obtained in about 50% yicld by decomposition of the addi- 
tion product. 


Analogously, heating the addition product of tributyl phosphite and biacetyl in an inert atmosphere at low 
pressure in a flask fitted with an effictent fractionating column gave a 72% yicld of tributy] phosphite (b.p. 119-120° 
at 9mm, njy 1.4320; literature data 3}, b.p. 119,5-120° at 10 mm, njf 1.4321), 


Thus, we observed that the addition products of trialkyl phosphites and biacetyl are able to decompose with the 
liberation of the starting tialkyl phosphite: 


mt ae 


We reported previously [2] that the addition product of triethyl phosphite and biacetyl decomposes partly when 
heated in a sealed ampoule to form triethyl phosphate and the ethyl ester of ett.ylphosphinic acid, This addition 
product is more stable than the addition products obtained from the higher phosphites; it distills smoothly on a frac- 
tionating column at 5-10 mm, However, when heated to 180-190" in an inert atmosphere at 50-60 mm in a flask 
with an efficient column, it also decomposes completely to form mainly triethy] phosphate (61%), We were able to 
detect only traces of triethyl phosphite: the lower fraction, which was isolated in a very small amount, gave a rise 
in temperature of 15-20° with a cuprous halide, It is evident that under more drastic conditions, the decomposition 
either proceeds mainly by the direct elimination of wiethyl phosphate or the wiethyl phosphite eliminated is oxidized 
by biacetyl and partly isomerized at the moment of {isolation into the ethylphosphinic ester. 


The results we obtained indicate that it is possible in principle to cleave the addition products of electrophilic 
reagents and esters of trivalertt phosphorus to the starting products, f.e., a reaction may occur which is the reverse of 
the first stage of the Arbuzov rearrangement. 
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Unsaturated compounds containing elements of Group IVB in thelr molecules are attracting increasing attention. 
Styrenes containing heteroatoms form onc of the most promising classes of monomers, This type of compound {s in- 
teresting because, in contrast to unsaturated aliphatic heteroorganic compounds, they polymerize to a greater extent 
to form high-melting polymers [1-3]. We previous!y studicd a method of synthesizing silfcon-containing styrenes 
and a-methylstyrenes by dehydration of the corresponding alcohols over KHSO, or, more convenfently, over ARO, 
at 300-340" in a tubular furnace at 160-170 mm lig (4, 5): 


(R = CHy; Cel). 


The yields of silicostyrenes obtained by this method were 30-50%, This method of preparing trimethyl- and 
triethylsilylstyrenes was also used by other investigators [6-8], Another method of preparing sillcon-containing styrenes 
consists of pyrolytic dehydrochlorination of chloroethylpheny silanes or at 500° (9-11}: 


CIC,H, — cri, = Cj CH) SiCl,. 


The yields of trichlorosilylstyrene and trichlorosilyl-a -methylstyrene with this synthesis method were 70-80%, 


The simplicity of the preparation and the high yields of the organomagnesiurm compound from p-chlorostyrene 
{n tetrahydrofuran led to a third method of synthesizing styryl and a-methylstyryl derivatives of silicon (3, 8, 12, 13}, 
germanium {3, 14}, tin [3, 14-16}, and lead (3, 14, 17, 19} 


(M = Si; Ge;Sn; Pb; R = CHy; C,H), 
RaMHal + p-Cl = Cis 


This method of preparing organomagnesium compounds, which was developed by Normant [20], has been 
called Leebrick and Ramsden's method [15] in the literature when applied to the synthesis of styrenes containing 
heteroatoms, The most extensive work on the synthesis of heteroorganic styrenes by this method was carried out 
by Noltes, Budding, and van der Kerk (3, 14}, They prepared uimethyl- and triphenylhetero-substituted styrenes 
and a-methylstyrenes in yields of 60-80%, 


Calculated, 


$370 


$2,50,H 


du, 
prcisi (CHS 


SCH 
__SCH=CH, 
P-Cusi< 


P (CH. SCH=CH, 


Tlie synthesis of silicon-, germanium-, and 
tin-containing styrenes by the reaction of vinyl bromide 


-with bromophenyl derivatives of these elements ac- 


curding to the scheme [23]: 


gives low yields and, as is shown by a comparison 
of the properties of the compounds obtained by this 
method and by the methods examined above, does 
not give styrenes in a pure state. 


In the present investigation we synthesized 
silicon-, germanium-, and tin-substituted styrenes, 
both by organomagnesium syathes{s (the Normant— 
Ramsden method) and by a new method of high- 
temperature condensation of p-chlorostyrene with 
silanes, which we developed, 


On repeating the synthesis of p-trisnethylsilyl- 
and p-trimethylstannylstyrenes, we cbtained the 
compounds in yields of 76 and 62%, respectively, 
L.e., approximately the same yields as in (3}, 


p-Tricthylsilyl-, p-triethylgermyl-, and p- 
triethylstannylstyrencs were prepared for the first 
time by this method, The yields of these compounds 
were somewhat lower (35-40%). At too high a 
pressure, a considerable part of the styrene distilling 
polymerized in the distillation flask. 


However, of even greater interest than trialkyl 
hetero-substituted styrenes are ketero-substituted 
and, in the first instance, silicon-substituted styrenes 
with functional groups at the hetero atom (halogens 


or alkoxyl groups), 


Such monomers may be converted into polymers 
both by polymerization at the double bond and by 
hydrolysis at the M~Hal (—OR8) bonds with sub- 
sequent polycondensation, Up to now monomers of 
this type have been synthesized only by pyrolysis of 
chloroalkylphenylchlorosilanes (9, 11}, It was found . 
that styrylchlorosilanes may also be obtained by the 
reaction of p-vinylphenylmagnesium chloride with 
silicon tetrachloride, methyltrichlorosilane, and 
dimethyldichlorosilane in yields of more than 50%, — 
The formulas, properties, and analyses of the hetero 
atom -containing styrenes synthesized by this or- 
ganomagnesium method are given in Table 1, 


By the method we developed recently for 
high-temperature condensations (21, 22] of chloro- 
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silanes with aryl chlorides, we prepared a series of chlorosilylstyrenes and « -methylchlorosilylstyrenes in the present 
investigation by using p-chlorostyrene and p-chloro-a -methylstyrene as the aromatic components: 


The results of experiments on the synthesis of chlorosilylstyrenes and a -methylchlorosilylstyrenes by high-temper- 
ature condensation are given in Table 2, 


It is interesting to note that in the reaction of trichlorosilane and methyldichlorosilane with p-chlorostyrene 
and p-chloro-a -methylstyrene, we were unable to {solate from the reaction mixture either silicon tetrachloride or 
methyltrichlorosilane, or reduction products of styrene or a-methylstyrene, It is probable that the 7 ~temperature 
reaction in this case consisted of largely condensation and not reduction, 


EXPERIMENTAL 

Preparation of p-trimethylsflylstyrene. The reaction was carcicd out in a nitrogen atmosphere in a three- 
necked flask fitted with a stirrer, dropping funnel, thermometer, ard reflux condenser, To 15 g of Mg (0.6 mole) 
was added 2-3 ml of ethyl bromide in 7-8 ml of tetrahydrofuran (THF), To the magnesium activated in this way 
was added 70 ml of THF, After 50 g (0.6 mole) of p-chlorostyrene in 70 ml of THF had been added (over a period 
of 2 hr), the reaction mixture was stirred at 30-40° for a further 45 min (until the magnesium dissolved completely). 
To the Grignard reagent obtained was added 38,8 g (0.35 mole) of trimethylchlorosilane in 100 ml of THF over a 
period of 2 hr at 25°, The reaction mixture was then heated at 40° for 2 hr; 0.01 g of picric acid was added and 
the mixture decomposed with 5% HCl solution, After the usual treatment and crying over CaCk, the mixture was 
distilled, The THF distilled at 10-20° C in a water-pump vacuwn and the residue was distilled at 0.1-0.4 mm Hg. 
We isolated 39 g (76%) of p-trimethylsilylstyrene. Its properties and also the yields and properties of the other tri- 
alkylhetero-substituted styrenes obtained analogously are given in Table 1, 


Preparation of p-trichlorosilylstyrene. The Grignard reagent obtained from 28 g (0,2 mole) of p-chlorostyrene 

by the method described above was added to 102 g (0.6 mole) of silicon tetrachloride over a period of 2 hr with the 
reaction mixture at -50°, When the Grignard reagent had been added, the contents of the flask were heated to 30- 
40° for an hour. After the precipitate had been removed, the mixture was distilled with the THF and SiCl, removed 
at room temperature in a water-pump vacuum, -The residue was distilled at 0.4-0.5 mm Hg. We isolated 25 g of 
p-trichlorosilylstyrene, {.e,, 55% of the theoretical yield, 


Preparation of p-trichlorosilylstyrene by high-temperature condensation. The reaction was carried out in the 
apparatus described in [23]. For the reaction we used 33,8 g (0,25 mole) of trichlorosilane and 27.7 g (0,2 mole) of 
p-chlorostyrene, The reaction temperature was 550° and the reagents were in the reaction zone for 30 sec, 


|| 


Distillation of the reaction products yielded 7 g of HSICk, L.e., 20.7% of the HSIC], taken, 6 g of p-chloro- 
styrene, Le., 21.7% of the p-chlorostyrene taken, and 12,5 g of p-trichlorostyrene, which corresponds to 30% of the 
theoretical yield of p-tichlorosilylstyrene, or 65% on the silane converted, 
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PHOSPHORUS-CONTAINING ESTERS OF ACRYLIC 
AND METHACRYLIC ACIDS 


A. N. Pudovik, &. 1. Kashevarova, and Yu. P. Rudnev 


(Presented by Academician B, A. Arbuzov, May 8, 1961) 
V. I, Ul’yanov-Lenin Kazan State University 

Translated from Akademii Nauk, SSSR, Vol. 140, No. 4, 
pp. 841-843, October, 1961 

Original article submitted May 5, 1961 


In addition to acrylic and methacrylic estere containing hydrocarbon radicals, esters containing different ele- 
ments in the radical have attracted great Interest in recent years, A series of esters of acrylic and methacrylic acids 
and nitro alcohols have been synthesized (1, 2) and an extensive study has been made of acrylates and methacrylates 
containing sulfur [3], flourine [4], tin [5-8], lead [9], silicon (10-13), mercury [14], and other elements. In a number 
of cases, polymers.and copolymers obtained from them have interesting properties such as increased hardness and 
thermostability, good adhesion to glass and metal, low penetrability to x-rays, reduced inflammability, ete. 


In the present work we undertook to synthesize acrylic and methacrylic esters containing phosphorus in the ester 
radical and to study some of their properties. Hydroxyalkylphosphinic esters were treated with acrylyl and metha- 
crylyl chlorides, The reactions were carried out in ether in the presence of triethylamine. Cuprous chloride was used 
as the inhibitor. 


1 
CH; = CR —COCI + CH; = CR —COOCHR’ — P(OR*). 


where R = H or CHy; R’ = H or CHy; R® = CHs, C,Hs.... The reactions proceeded smoothly and the esters were ob- 
tained in yields of 60-70% in most cases, 


The characteristics of the acrylic esters obtained are given in table 1, together with those of the methacrylic 
esters. 


All the esters were read{iy soluble in methanol, ethanol, ether, acetone, benzene, and carbon tetrachloride. 
The acrylic and methacrylic esters containing methyl and ethyl radicals in the phosphono group were soluble in water. 


Polymerization of a -(dimethylphosphono)-ethy! methacrylate in the presence of 0,3 mol. % of benzoyl per- 
oxide (9 hr at 80°) formed a solid transparent polymer, which swelled considerably in water, alcohol, benzene, acetone, 
and carbon tetrachloride. The polymer burned with a smoky flame; it was extinguished immediately on removal from 
the flame. 


a-(Diethylphosphono)-ethyl methacrylate was polymerized at 100° for 30 hr with the reaction mixture con- 
taining 0.5 mol. % of benzoyl peroxide, The polymer was a soft transparent plastic mass, which dissolved readily in 
methanol, ethanol, and acetone, It was precipitated from benzene and acetone selutions by ligroin, Methyl metha- 
crylate and a -(dimethylphosphono)-ethyl methacrylate (in a ratio of 83 : 17 wt. %, respectively) were copolymerized 
at 75° for 1.5 hr. The copolymer was a transparent solid product, which dissolved in acetone and benzene, 


After reprecipitation from acetone solution with ligroin and drying in vacuum, the copolymer was a solid, white, 
opaque product. The phosphorus content was 2.2%, The copolymer burned with a smoky flame; combustion con- 
tinued when it was removed from the flame. 


EXPERIMENTAL 
The a -hydroxyalkylphosphinic esters were obtained by the reaction of formaldehyde and acetaldehyde with 
dialkylphosphorous acids in the presence of sodium alcoholate [15]. The acrylyl and methacrylyl chlorides were pre- 
pared from the acids and phosphorus trichloride [16], 


| 


Radical 


R’ 


Phosphorus 
MRp 


H 
CHs 
CH; 
CH, 


Cis 
CHy 
CH, 
CHy 
CH, 


Dialkylphosphonomethy! and acrylates 


Gs 
CHs 
iso 
H 


67,2 
70 
55,1 
65 
63,4 
65,3 


114 (3) 1,1451[1 4430) 
86—87 (1) 1816]1, 4458 
(6) 1102]1,4391 
102,5—103 (1) |1,,0526]1 4340 
136-138 (5) —|1,0599)1,4409 
140-141 (3) 4430) 


51,42 
46 ,96 
55,90 
65,28 
65,75 
74,32 


51,20 
46,58 
55,82 
65,05 
65,05 


Dialkylphosphonomethyl and methacrylates 
3 


GH, 

CHy 

Gi 
iso 
H — C,H, 
iso-CyHy 
H —-CGH, 


61,3 
0,8 
60 

66,6 


CH, =: C— COOCHRPS 
(OR’)s 


104,5—105 (2) |1,1156]1 4416] 56,32 
104-105 (3) 51,37 
91—92 (0,6) |1,0866]1 4405] €0,69 
117 (2) 1 ,0390|1 ,4367] 70,18 
124-123 (2) 70,04 
119-120 (3) |1,,0159}1 4385] 79,17 
156-138 (3) |1,0270)1 4440] 79,12 


to form polymers and copolymers, 
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55,82 
51,20 
60,43 
69,67 
69,67 
78,91 
78,91 


13,96 
14,88 
13,11 
41,72 
11,72 
10,60 


13,14 
13,97 
12,38 
11,15 
11,15 
10,13 
10,13 


Reactions of acryly] and methacrylyl chlorides with a -hydroxyalkylphosphinic esters. Into a three-necked 
flask fitted with a stirrer and a reflux condenser were placed 0.13 mole of dimethyl a -hydroxyethylphosphinate, 0.13 
mole of triethylamine, 100 ml of dry ether, and 0.75 g of cuprous chloride. An ether solution of 0.13 mole of metha- 
crylyl chloride was gradually added to the reaction mixture with stirring. The precipitate of triethylamine hydro- 
chloride was removed, the ether evaporated under reduced pressure, and the residue distilled in an ofl-pump vacuum 
after the addition of hydroquinone, The constants and yields of the products obtained are given in the table. 


Thus, we synthesized acrylic and methacrylic esters containing phosphorus {n the ester radical, namely, dialkyl- 
phosphonomethyl and a -(dialkylphosphono)-ethyl acrylates and methacrylates. It was established that they are able 


«| 
: 14,02 
| 
15,10 
14,80 
13,25 
| 13.35 
11,93 
11,85 
cHy | 11°59 
10,76 
CHs 10,83 
13,12 
| 
13,9 
4 14,00 
1 
4,5 12,22 
14,11 
11,01 
11.07 
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10,11 
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HYDROGENATION OF UNSATURATED COMPOUNDS 
UNDER EQUILIBRIUM CONDITIONS ON CATALYSTS 
OF THE PLATINUM GROUP 


D. V. Sokol’skif and G. F, Tret*yakova 


Translated from Doklady Akademif Nauk, SSSR, Vol. 140, No, 4, 
pp. 844-846, October, 1961 
Criginal article submitted June 5, 1961 


Hydrogenation of unsaturated compounds with a slow and uniform {nput into the reaction vessel makes it possible 
to carry out the process under equilibrium conditions, with almost zero concentration of the unsaturated substance, and 
with a constant reaction rate fron the moment when the stationary state {s established. In the present work we com- 
pare results obtained by hydrogenating in this way sodium maleate, sodium o-nitrophenolate, and dimethylacetyl- 
enylcarbinol in alkaline and alcoholic media, As was shown previously [1], sodium maleate and sod{um o-nitro- 
phenolate are hydrogenated at a constant rate and at constant SE, which increases to a definite maximum, charac- 
teristic of the given substance, with an increase in the concentration of the unsaturated compound fn the solution 
added, 


Figure 1 gives curves showing the maximum rates of hydrogenation of sodium maleate and the corresponding 
values of AE in 0.1 N NaOH at 20° on skeletal M, Pt, and Pd/CaCO, (F%), This figure shows that in the hydrogena- 
tion of sodium maleate on skeletal Ni, a constant reaction rate was established after 5 min from the beginning of 
addition of the reagent. By this time the potential had been displaced into the anode region by 66 mv and was con- 
tinuing to fall. By 15 min from the beginning of the experiment, AE had reached 104 mv and did not change any 
more. This displacement of the potential after the reaction rate had become constant indicates additional adsorp- 
tion of the substance on catalyst centers which do not participate in the reaction, 


The kinetic and potential curves obtained during the hydrogenation of sodium maleate on Pd/CaCO, have a 
somewhat different form. A constant reaction rate was established after 2 min. During this time the potential was 
sharply displaced into the anode region by 97 mv. By 5 min after the beginning of the experiment, AE had reached 
126 inv and remained constant, The rapid removal of hydrogen from Pd and the establishment of equilibrium hy - 
drogenation conditions are connected with the relative homogeneity of its surface. and the approximately identical 
energies of the bonds of hydrogen with it. On Pt, a constant potential was established before a constant hydrogena- 
tion rate. Sodium maleate, which has a low adsorption potential, cannot be adsorbed rapidly on Pt, to whose surface 
hydrogen {s bound firmly. Therefore, the hydrogenation of sodium maleate on Pt proceeds with a ccnsiderable por- 
tion of the catalyst surface occupied by hydrogen [2}, 


In the case of sodium o-nitrophenolate, which has a high adsorption potential, the nature of the curves {s some- 
what changed (Fig. 2). On skeletak nickel, a constant reaction rate and a constant value of SE = 110 mv were estab- 
lished simultaneously in 7 min after the beginning of hydrogenation, The displacement of the potential by 110 mv 
indicates that hydrogen cannot be activated on the catalyst surface and part of the compound {s hydrogenated by ad- 
sorbed hydrogen (3}, 


As in the hydrogenation of sodium maleate, the adsorption and kinetic equilibria on Pd were established in the 
first minute of hydrogenation, 


The hydrogen firmly bound to the platinum surface is rapidly removed by sodium o-nitrophenolate; a constant 
potential & established in the first minute. However, the renewal of hydrogen on the catalyst surface proceeds much 
more slowly than its removal, As a result of this, the kinetic equilibrium is not established immediately, but 10 
min after the beginning of the experiment. 


Figure 3 illustrates the hydrogenation of dimethylacetylenylcarbinol under the same conditions and on the same 
catalysts, Dimethylacetylenylcarbinol is hydrogenated on a nickel surface with a considerable part of the catalyst 


surface occupicd by hydrogen (CE = 34 my) and on palladium with almost half of the catalyst surface occupied by 


the substance hydrogenated (AE = 180 mv), 


/ 


A comparison of the potential displacements during the hydrogenation of sodium maleate, sodium o-nitro- 
phenolate, and dimethylacetylenylcarbinol on skeletal nickel, platinum, and palladium on CaCO, in 0.1 N NaOH 
shows how the nature of the adsorption of the substance changes with a change from one catalyst to another and the 
degree of occupation of the catalyst surface by the substance hydrogenated which is most favorable to the given process, 


ml/min 


— min 


Fig. 1. Hydrogenation of sodiwn maleate in 0,1 N 
NaOH at 20° on skeletal nickel (1), platinum (2), 
and palladium on CaCO, (3). 


Fig. 3. Hydrogenation of dimethylacetylenylcar- 
bincl in 0.1 N NaOH at 20° on skeletal nickel (1), 
platinum (2), and palladium on CaCO, (3), 


Fig. 2. Hydrogenation of sodium o-nitro- 
phenolate in 0,1 N NaOH at 20° on skeletal 
nickel (1), platinum (2), and palladium on 
Caco, (3). 


With the presence of an excess of any of the substances 
listed on any catalyst there is an additional displacement of 
the potential into the anode region, However, the maxi- 
mum hydrogenation rates are not increased in this case. The 
potential displacement observed at a constant reaction rate 
is AEreac. The additional displacement indicates the pres- 
ence on the catalyst surface of the unsaturated substance 
adsorbed on centers that do not participate in the hydrogena- 
tion process and equals OF, aoe 


The hydrogenation of sodium maleate, sod‘um o- 
nitrophenolate, and dimethylacetylenylcarbinol in alcohol 
on skeletal nickel, platinum, and palladium on CaCOs leads 
to the same rules. The only difference is that the constant 


‘ reaction rate and constant AE for any substance and on any 


catalyst are established more rapidly than in an alcohol 
medium, As a result of the weaker bond of part of the hy- 
drogen with the catalyst surface in an alcohol medium, there 


is an increase in the rate of its removal and, at the same time, its renewal on the catalyst surface. This leads to an 
increase in the rates of hydrogenation of substances and a greater displacement of the potential AE,.3.. 


It is interesting to note that small amounts of dimethylacetylenylcarbinol on nickel and platinum in an alcohol 
medium at 20° displace the potential into the cathode region, These potential displacements into the cathode region 
may be caused by the removal of positively charged hydrogen and the restoration of equilibrium between the forms 


of hydrogen on the surface at a different rate [3}, 
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Hydrogenation with a slow and uniform input of the substance into the catalyte vessel {s conductive to prolonged 
operation of the catalyst as the removal of hydrogen by the substance hydrogenated from the catalyst surface and {ts 
renewal on the surface are controlled by the rate of input of the unsaturated compound Into the reaction vessel, 
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The high stability of methyllithium in diethy! ether distinguishes it from the aliphatic organolithium com- 
pounds which are readily cleaved by ether [1] and puts it in the same class as the aromatic compounds phenylithium 
and tolyllithium, which are more stable toward ether, As we reported previously [2], in ether solutions these com- 
pounds from complexes with the composition 2RL{ + LIX + 2(C,Hs)3,0, 


It could be surmised that the reason for the low reactivity of methylithium toward cther was also the formation 
of ternary complexes, From ether solutions of methyllithium obtained by reaction of lithium on methyl bromide or 
fodide we {solated ternary crystalline complexes with the composition CH,Li + Lil + 2(C,11s)2O and CHgLf + LiBr 

+ 2(CQHs5)20, which were stable when stored under nitrogen or argon (3), With excess of lithium fodide in the so- 
lution relative to methyllithium, there precipitated first the less soluble lithium fodide dictherate. With excess of 


Lithium bromide in the solution there formed crystalline precipitates with a high content of lithium bromide and 
ether, for example: 


CHLi-2LiBe-3 (CH,),0 of CH,Li-S-LiBr-7 (C,H;),0. 


Consequently, the ratio of CH,L{ and Li8r in these complexes changes in the same way as in the case of binary 
complexes cf aliphatic organolithium compounds and Lithium halides (4), 


Binary complexes with the composition RL{ - nLiX (n fs from 1.4 to 6) are obtained in a hydrocarben medium 
by the action of alkyl halides on aliphatic RL{ {4}. These complexes are distinguished by a low reactivity toward 
oxygen and they do not burn in air, but only decompose slowly. The addition of ether reconverts the RL{ into a 
reactive form, Gilman's test was negative without the addition of ether [4]. The n-butyllithium marketed by an 


American firm as a polymerization catalyst is evidently a similar ig complex as it {s described as a relatively 
stable “white powder” [5], 


From an ether solution of methyllithium obtained by the action of Lithium on methyl chloride it is possible to 

‘ fsolate methyllithium monoetherate CH3Lfi + (CgHs)2O. The presence of a small amount of lithium chloride {is prob- 

ably explained by complex formation (6}, By pumping out a heated cell with methyllithium etherate until the lines 
of ether in the infrared spectrum disappeared, we obtained the infrared spectrum of methyllithium in the vapor state (7}. 


By precipitation of methyllithium (from CH,C1) from an ether solution with excess n-pentane and drying the 
precipitate In vacuum at 100°, we isolated a fine powder of methyllithium, This precipitate had the normal {n- 
frared spectrum of crystalline methyllithium [7], but dissolved sparingly in ethers, even dn heating (solutions from 
0.2 to 0.5 N), It is probable that when the ether complex of methyllithium was decomposed by n-pentane, the com- 
pound precipitated In a strongly associated form. 


When crystalline methyllithium {s dissolved in ether there is apparently decomposition of the primary associate 
with the formation of an etherate through the unshared pair of electrons at the oxygen of ether and the free orbitals 
of the lithium atom, which does not have much effect on the C-Li electron bond and the bands of “free” or weakly 
bound CH,L{i molecules (1010 em) are observed, In time there Is a displacement of the band (to 900 cm a which 
indicates the formation of a more complicated type of complex (8}, 


The formation of a ternary complex of CH;Li with halides and ether does not have an appreciable effect in 
the region of the infrared spectrum investigated (2000-650 cm~', NaCl prism, 100 cell), 


| 
| 


TABLE 


Ether Reduced mole 
Sample, | content fractions 

by dif- 
ferences | LIX: 


mental No. 


Experi- 


03048 1,70 
0,1455 
0, 9580 49,00 
0,6271 [23,5 25,95 
1,0115 34,00 
1, 2668 
0,58 18,4) 
0, 4636 16,20 


Pyrolysis of the methyllithium precipitate under the conditions described by Ziegler (6) yielded methylene- 
dilithium, CH,Li,, in the form of a fine mobile precipitate, which Ignited read{ly on contact with afr, Methyl- 
lithium and methylenedilithium were tested as catalysts for the polymerization of ethylene with titanium tetrachloride 
(1 : 1) and samples of highly crystalline polyethylene were obtained (9}, 


According to the data available to us, the capacity to form ternary complexes with ether and lithium bromide 
{s not limited to aliphatic and aromatic RL{, but extends to lithium acetylides, When pure acetylene is passed into 
an ether solution of RLi (where R is CH3, CgHs, or ClCH, containing an equal amount of lithium bromide, there is 
formed a precipitate of lithium acetylide including Uithium bromide and ether in integral ratios: 


2HC=CLI-LiBr-4(C,H;),0 and 3 HC = 


With a deficiency ef lithium bromide relative to RL{ in the starting solution, precipitates are obtained con- 
taining 4H1C = CLi to 1 LiBr. In a control experiment in which acetylene was passed for a long time {into a solution 
of lithium bromide etherate, no precipitate was formed. 


We also observed that crystalline cyclopentadienyllithium, obtained by the action of cyclopentadiene on an 
ether solution of p-tolyilithium (containing LiSr), did not contain lithium bromide when precipitated from solution, 


EXPERIMENTAL 


All the work was carried cut under a slight pressure of nitrogen or argon, The normal werking procedure for 
organolithium compounds was used [10], 


Preparation of methyllithium etherate. An ether solution of methyllithium was prepared in the usual way [6] 
from methyl chloride and lithium and filtered under argon. The clear solution was concentrated by a factor of two 
(1.95 N), A 50 ml sample of the solution was placed in an apparatus under argon and cooled to ~70°, Snow white 
lustrous crystals of methyllithium etherate precipitated. The solution was heated to room temperature, when the 
crystals dissolved, leaving a slight turbidity of lithium chloride, The solution was filtered under argon through a dry 
fluted filter into a special apparatus (10) The completely clear and colorless solution was again cooled to —70°, 
The crystals of methyllithium etherate were collected on a porous glass filter with suction at ~50° and dried at 
20 mm and —20° for 1 hr. The analyses are given in the table, Nos, 1 and 2, The precipitate contained 2% of lithium . 
chloride (cf. (6). The infrared spectrum of an ether solution of methyllithium {s given in (8}. 


Preparation of methyllithium (without ether). A 400 ml portion of a 1.95 N ether solution of methyllithium 
(from CHCl) was concentrated to —150 ml, diluted with 250 ml of dry n-pentane, and cooled to -60°, The fine 
heavy precipitate was difficult to filter. The precipitate was washed 5 times by decantation with n-pentane and 
dried in vacuum (5 hr at 100° and 4mm), We obtained 17 g of product. According to analysis, it contained 8% 
of lithium chloride. The infrared spectrum was identical with that given previously for methyllithium (7}. Boiling 
part of this precipitate in dicthy! ether for 1 hr yielded a 0,24 N solution and retreatment with ether yielded 0,1 N 
solution, Pyrolysis at 240° (6] yielded methylenedilithium as a very mobile, slightly yellowish powder, which ignited 
very readily in contact with air. According to analysis it contained 50% of Uthium, The methyllithium and methyl- 
enedilithium were used for the polymerization of ethylene with TiCl, (1 : 1) (9}, 


Preparation of ternary complex of methyllithium with lithium bromide and ether. An ether solution of methyl- 
lithium was obtained in the usual way from 3.5 g of lithium (0.5 g-atm) and 19 g of methyl bromide (0.2 mole) in 


. 
9 


200 ml of ether. The solution was filtered to remove turbidity under nitrogen. The yicld was 85%, The infrared 
spectrum of this solution was identical with that of an ether solution of methylithium [8]. This solution was con- 
centrated by a factor of two and left for 2 days at-10°, The snow white crystals which precipitated were collected 
and dried in a stream of nitrogen witil they loosened. According to analysis, the crystals corresponded to the com- 
position CH + 2(C,Hs)20 (see table, Nos, 3 and 4), Dilution of a 1 N solution of methyllithiun (obtained 
from Cl{;Cl) with excess of a 1 N ether solution of lithium bromide [2] and subsequent concentration yielded crystals 
with the composition CH3Li + SLiBr * 7(C,115)20 while the filtrate contained and in a ratio of 1 3, Evapora- 
tion of the filter yielded crystals with the composition 4LiBr + and in ancther case + 2L4Br 

* 3(QHs)20. 


The crystalline ternary complexes obtained were readily soluble in ether and could be stored well in ampoules 
uncer argon, If the complex with the composition CH SLiBr 7(C,Hs)2O was dissolved in ether, the turbidity 
removed by filtration, a solution of methyllithiwn (from CHCl) added to the clear solution to give the ratio 2CH,Lf : 
: 1 LiBr, and this solution concentrated there precipitated a complex with the composition CH,Lfi + LiBr + 3(C,H5)20 
and the excess methyllithium and part of the lithium bromide remained in solution, 


Preparation of ternary complex of methyllithium with lithium odide and ether, An ether solution of methyl- 
lithium was prepared in the usual way from 31.2 g (0.22 mole) of methyl iodide and 3.5 g (0.5 g-atm) of Iithium fa 
230 ml of absolute ether and filtered under nitrogen (10}, The completely clear and colorless solution obtained was 
0.93 N with respect to methyllithf{um and 1,01 N with respect to lithium iodide, The yield was 95%, The infrared 
spectrum of the solution was close to that of an ether solution of methyllithium (8}, This solution was condensed to 
a volume of 100 ml and filtered to remove turbidity. On standing for 2 days at 0°, it deposited coarse, clear, color- 
less crystals, They were collected and dried in a stream of nitrogen until they loosened, According to analysis, they 
corresponded to the composition CH Li + Lil - 2(C,H;)0O (sce table, Nos, 5 and 6), When the crystals were stored in 
ampoules under argon for a long time, they did not become yellow and the methyllithium did not loose its reactivity. 


The addition of excess of an ether solution of lithium {iodide [11] to a solution of methyllithium (obtained from 
CH,C1), concenuation and cooling yielded acicular crystals of lithium iodide dictherate (see below); a second evapora- 
tion yielded a further small portion of lithium fodide dietherate. The filuate contained CH,Li and Lil in a ratio of 
1 : 2 and did not deposit crystals even on prolonged cooling. The complex with the composition CHgL{ - 2Lil is evident- 
ly more soluble than Uthium fodide dietherate or the complex CH Lf + Lil + 2(C,Hs)30, 


Preparation of lithium fodide dietherate. An ether solution of lithium fodide obtained from lithium hydride 
and fodine in ether (11) was filtered free from excess lithium hydride under nitrogen, The completely colorless and 
clear solution obtained turned yellow when stored in light. The yield was 94%, calculated on the fodine taken, A 
200 ml portion of a 0.63 N solution of lithium {odide was placed in an apparatus under nitrogen, concentrated by a 
factor of approximately two, and cooled to -20°, Long fine clear needles of lithium iodide dietherate precipitated. 
They were collected rapidly by suction on a porous filter at 0° and dried in a stream of nitrogen at 0° until they 
loosened. According to analysis, the precipitate had the composition Lil - 2(C,Hs)20 (see table, Nos, 7 and 8), Tbe 
crystals rapidly turned yellow in light, even under argon, 
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The study and synthesis of triglycerides [1] make it possible to turn to the synthetic preparation of more com> 
plex natural substances, namely, phosholipids, 


The present work is devoted to the synthesis of cephalins containing residues of stearic, oleic, Mnoleic, and 
linolenic acids. These compounds are of interest as structures of this type are known to play an important part in 
biological processes [2] and also form part of some enzyme systems (3}. 


The synthesis was achieved by three methods: from a,8 -diglycerides obtained from a-benzylglycerol (A), 
or a,a'-benzylideneglycerol (B) and from diacyllodohydrins of glycerol (C), 


A. In the first case [4], brominated unsaturated acid chlorides were used for the acylation of a -benzylglycerol. 
This was for the purpose of protecting the double bonds during reductive debenzylation. 


a-Benzylglycerol (1) wes acylated with 9, 10, 12, 13-tetrabromostearoyl and 9, 10, 12, 13, 15, 16 -hexabromo- 
stearoyl chlorides in chloroform in the presence of quinoline to give a-benzylglycerides (II). 

a,8 -Di -9, 10, 12, 13 - tetrabromostearoylbenzylglycerol (Il, R= R’ = —(CH,)(CHBrCHBrCH,),(CH;) 4H) 
had m.p. 67.5-68.0° (from ether), ; 


Found %: C 41.19; H 5.60; Br 47.52, CygHyg0;B8rg. Calculated %: C 41.08; H 5.54; Br 47.68. 


—OH " —OH 
on route on oute C oH 
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a, 8 -Di-9,10,12,13,15,16 -hexabromostearoy Ibenzylglycerol (II, R= R'= had 
161-162° (from dioxane), 


q 
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COCR 
——- 

—oocr’ 
; 
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Found %; Br 57.80, CagltO,8ry. Calculated %: Br 517.74, 


Reductive debenzylation of the compounds II (hydrogen and palladium black) yielded: 


a, -Di-9,10,12,13 -tetrabromostearoylglycerol (III, R= R’ -(CH,){CHBrCH BrCl; with 71-72” 
(from methanol), 


Found Br 50.52, Calculated %: Br 50.90, 


-Di-9,10,32,13,15, 16 -hexabromostearoylglycerol (II, R = R’ = with m.p. 168- 
169° (from dioxane), 


Found %: Br 61,08, 60,94, O,Bry. Calculated %; Br 61,11, 


The next stage in the synthesis of a, 8 -diglycerides was debromination with activated zinc in acetone, which 
yielded the following: 


o,8-Dilinoleylglycerol (11, R = = —(CH,)7(CH = 0.9421; n niy 1.4832; MRp found 182.9; 
calculated 132.74. lodine number found 162.2, 162.6; calculated 164.0, 


Found C 76.39; H 10,80, Calculated %: C 76,12; H 11.00, 


a, 8 -Dilinolenylglycerol (II, R = R' = —(CH,) {CH = CHCH,),CH,); 44° 0.9716; njy 1.4960; MRp found 184.1; 
calculated 184,33, Iodine number found 244.1, 246.0; calculated 248.1. 


Found %: C 76,36, 76.29; H 9.61, 9.40. Calculated %: C 76,47; H 10.46, 


Debromination yielded diglycerides with cis-double bonds in the unsaturated acid residues, For introduction 
of the phosphorus-containing part, we used the method in which a one groups {fs used to protect the amine group 
of the ethanolamine (5} 


The a, B -diglycerides (111) were condensed with 6 -phthalim{doethylphosphory! dichloride in chloroform in the 
presence of uiethylamine. The chloro derivatives were hydrolyzed with water to give N-phthalim{do-a-cephalins (IV). 


Distearoyl-N -phthalimido-a -cephalin (IV, R = R’ = —(CH,),;H) had m.p, 48-48.5° (from methanol), 

Found %; C 67,37; H 9.21; N 1.72. Cal, QgNP. Calculated %: C 67.23; H 9,59; N 1,60, 
Dilinoleyl-N-phthalimido- a-cephalin (IV, R = = —(CH,){CH = CHCH,)(CH),H) was an olly substance, 
Found C 67.66; H 8,76; N 1.76. CoH NP. Calculated C 67.41; H 8.83; N 1.61, 
Dilinoleny1-N-phthalimido-a-cephalin (IV, R = R’ = ~—(CH,)7-(CH = CHCH,),CHy) was an oily substance. 
Found %: C 68.65; H 8.44; N 1.73. CgHO NP. Calculated %: C 68.00; H 8.38; N 1.61, 


The final stage in the synthesis was the preparation of a-cephalins (V), We fsolated distearoyl-, dilinoleyl-, | 
and dilinolenyl-a-cephalins. The distearoyl-a-cephalin (V, R = R’ = —(CH3),7#) was obtained by treatment of dis- 
tearoyl-N-phthalimido-a -cephalin with hydrazine hydrate in alcohol, It had m.p. 180,5-181° (6] (from a chloro- 
form methanol mixture, 1 : 2), 


Found %: C 66,07; H 10,97; N 1,95, CyHgO,NP. Calculated %: C 65,96; H 10,97; N 1.88. 


Treatment of the sodium salts of dilinoleyl- and dilinolenyl-N -phthalimido-a -cephalins with hydrazine hydrate 
in ethylene glycol monoethyl ether led to the corresponding cephalins, Dilinoleyl-a-cephalin(V, R= R’ = 
= —(Cl))X{CH = CHCH,)(CH,),H) was a waxy substance. Iodine number found 135.92, 136.34; calculated 137.2, 


Found %; C 66,31, 66,62; H 9,90, 10,16; N 1.95, 1.96. CyH;OsNPF% Calculated %: C 66,60; H 10.01; 
N 1.90, 


Dilinolenyl-c -cephalin (V, R = = —(CH,),(CH = CHCH,),CH) was a waxy substance, Iodine number found 
202.15; calculated 202,12, 


Found %; C 65,25; H 8.88; N 2,03, CyHgO,NPF.. Calculated %: C 65.26; H 9.62; N 1.87, 


B, In the second case the starting a, 6 -diglycerides were obtained from a,a-benzylideneglycerol. Acylation 
of a,a'-benzylideneglycerol with stearoyl chloride in pytidine gave a,a*-benzylidenestearoylglycerol (VI, R'= 
= —(CH2)y7H) with m.p. 58-59° (from alcohol and a mixture of alcohol and Ligroin, 1 : 1). 


Found Te: C 75.11; H 10,33, Cygtlg Og Calculated C 75.30; H 10.38, 


When the benzylidene group was removed with boric acid in dioxane, compound VI was converted into B- 
stearoylglycerol (VII, = with m.p, 74-75" (from Mgroin), Reduction of VI (hydrogen and palladium 
black on charcoal) also yfelded VII (R’ = —(CH,)71!) with m.p. 75-75.4°, The B -stearoylglycerol (VII, R’ 
was acylated with oleyl and linoleyl chlorides in benzene In the presence of pyridine to give a, B-diglycerides. a- 
Oleyl-8-stearoylylycerol (II, R = = CH(CH,)sH), = had m.p. 19-20° (from alcohol), Iodine 
number found 42.0; calculated 40.75, 


Found %: €75.51;H 11,84, Calculated C 75.19; H 11.97. 


-Linoleyl- 3 -stearoyiglycerol (III, R = —(CH2){CH = CHCH,) R® = —(CH2),7H) had m.p, 9-10° (from 
a methanol-alcoho! - water mixture, 24 : 8 : 1); 0.9274; nj 1.4708; MRp found 187.1; calculated 186.2, lodine 
number found 80,9; calculated 81,7, 


Found C 75.57, 75.41; H 11,65, 11.78, Calculated %: C 75.43; H 11.69. 


The phosphorus-containing part was introduced in a-oleyl- 6 -stearin as in the first method. a-Oleyl- B- 
stearoyl-N-phthalimido- a'-cephalin and a-oleyl- 6-stearoyl- a*-cephalin were {solated. a-Oleyl- 6 -stearoyl-N- 
phthalimido- a’ -cephalin (IV, R = —(CH,);CH = CH(CH,)gH, = 1.037; 1.4892; MRp 243.8, 
Colle PF. Calculated 242.36, 

Found %: C 67.04, 67,27; H 9.48, 9.18. CglgO, NP. Calculated %: C 67,17; H 9.43. 


a-Oleyl- 8 -stearoyl- a'-cephalin (V, R = = = —(CH2),7H) had m.p. 183-186", 
lodine number found 32.8; calculated 34.03, 


Found %: C 65,91; H 10,33; P 4.29, CaHpgONPF. Calculated %: C 66,01; H 10.80; P 4,15. 


a-Linoley!- 8 ~stearoyl- a'-cephalin was obtained by the action of phosphorus oxychloride in cyclohexane on 
a-linoleyl- 6-stearin, followed by 6 -hydroxyethylphthalimide {n the presence of quinoline and pyridine. The chloro 
derivative was hydrolyzed with water to give (IV), The phthaloyl protecting group was removed with hydrazine 
hydrate in alcohol to give (V), 


a-Linoley!- 8 -stearoyl-N-phthalimido- -cephalin (IV, R = —(CH2);(CH = CHCH,) (CH,)4H, = 
was a sirupy substance. 


Found %: C 65.70; H 9.48; P 3.54. CapllgQygNP. Calculated %: C 66,33; H 9,22; P 3.55. 


a-Linoleyl- 8 -stearoyl- a*-cephalin (V, R = —(CH,){CH = CHCH,); (CH,)gH, R’ = —(CH),7H1) had m.p. 181- 
183°. Iodine number found 68,1; calculated 68.0, 


Found %: C 65,98; H 10,64; P 4.15. CyH,ONPF,. Calculated %: C 66,18; H 10,57; P 4.17, 


C, In the third case [8], a diacyllodohydrin of glycerol was treated with the silver salt of benzyt- 6 -phthalimido- 
ethylphosphoric acid. Acylation of the a-fodohydrin of glycerol (VIII) with one mole of oley! chloride in a mixture 
of pyridine and chloroform yielded the a-oleyl-a'-fodohydrin of glycerol (IX, R = —(CH2);CH = CH(CH,)sH) as an 
amorphous substance [9}, Iodine number found 54.36; calculated 54.41, 


Found %: C 54.33, 54.36; H 8,52, 8.49, CayHygQslF. Calculated’: C 54.05; H 8.43. 


Acylation of IX with stearoyl chloride in benzene in the presence of triethylamine led to the a-oleyl- B- 
stearoyl- a’-iodohydrin of glycerol (X, R = = CH—CH,)sH, = —(CH);71), which was a viscous liquid, 
lodine number found 33.76; calculated 34.63. 


Found C 64.26, 64.30; H 10,22, 10,26, Calculated C 63,92; H 10,04, 


The phosphorus -containing part was introduced by treatment of X with the silver salt of benzyl- 8 -phthalimido- 
ethylphosphoric acid. The latter had m.p, 186-188° (with decomp.) 


Found ®: C 43.65, 43.67; H 3.33, 3.33; N 3,09, 3.20. Cy7HysO,NAgP, Calculated %: C 43.61; H 3,23; N 2.99. 


Treatment of X with the silver salt in benzene yielded benzyl- a -oleyl- B -stearoyl- a*- 
glyceryl phosphate (XI, R = —(CH,);CH = CH(CH,)sH, R" = —(CHy),7#), which was boiled with lithium bromide in 
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acetone to give the Mthium salt of B*-phthalimidocthyl- (a-oleyl-B -stearoyl- c’-glycery!)-phosphoric acid, It 
had m.p, 117,5-118,5" (from alcohol), Iodine number found 29,29; calculated 28,77, 


Found ®: C 66,54, 66.49; H 9,36, 9.45; N 1.74, 1,62, CollyOgNLiPF. Calculated : C 66,73; H 9,26; 
N 1,69. 


Treatment of the lithium salt with hydrazine hydrate in alcohol yielded the corresponding a-cephalin, 


a-Oleyl- -stearoyl- -cephalin (V, R = CH — (CH,),H, R’ = —(CH,),7H) had m.p, 184-185" (from 
alcohol), Iodine number found 32.69; calculated 34,01, 


Found %: C 65,90, 66,03; H 10.62, 10,70; N 1,98, 2.10, CallsgNO,PF. Calculated %: C 66.01; Hi 10.81; 
N 1,88, 


Chromatography on silfcic acid was used to {solate the final and {ntermed{ate compounds in the synthesis, 


For demonstration of the structures of the a, 6 -diglycerides and a-cephalins obtained, the unsaturated com- 
pounds were converted into saturated compounds and {identified by comparison with known substances (6, 10}, 
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It has now been pegnneny that there are two stable forms of zirconium and hafniurn oxynitrates, namely, 
the dihydrates MeO(NOQy) and the hexahydrates MeO(NO;)3 - 61,0, The synthesis conditions and some proper 
des of these compounds ines tezst described previously (1, 2}, The existence of zirconium and hafnium nitates of 
other compositions requires chezsing. The Literature contains information on the chemistry of nitric acid solutions 

of zirconium. However, elmos 111 the recent investigations in this field were carried out with microamounts of zir- 
conium and very dilute solutisrs. This is the case in the work of V, I, Paramonova [3], McDonald [4], and others 

(5, 6}. Quite concentrated solucrs are often used in practice, especially in the study of extraction methods of 
separating zirconium and hafnium. In this connection it seemed interesting to study the behavior of zirconium and 
hafnium oxynitrates when dissotezd in water and to determine some of the characteristics of nitric acid solutions in 
which zirconium and hafnium ic: in macroconcentrations, 


In the present communiciien we present the results of studying the concentration dependence of the pH, specific 
electrical conductivity, densiz:., and viscosity of zirconium and hafnium oxynitrate solutions and also data on the 
solubility of these compounds ir scme organic solvents, 


EXPERIMENTAL 
The starting materials wat ZrO(NOy) 2H,O, ZrO(NOy)y + 6H,O, HfO(NO,), 2H,0, and HfO(NO,) + 6H,O, 
The zirconium and hafnium diszdes used for the synthesis of the oxynitrates contained 0,03% of HfO, and 2% cf 
ZrQy, respectively. The concemzations of the nitic acid solutions of zirconium and hafnium varied over the range 
from 0.001 to 1 mole/liter, crintated on MeQ,, The results of measurements of the pH and specific electrical con- 
ductivity of nitric acid solutiom cf zirconium and hafnium given in Table 1 and Figs. 1 and 2-show that there fs a 


TABLE 1, pH Veh and Specific Electrical Conductivity of Nitric Acid Solutions of Zir- 
conium and Hafrium at 20 4 0.1° 


Nitic acid so- | Nitricacid so- Nitricacidso-] Nitricacidso- 
MeQ, con- | lucun cf lution of MeO, con-| lution of lution of 
centration | zitcnium hafnium centration | Zirconium hafnium 
in solution 103 103 insolution 10 


moleAiter | px 


moleAiter | px | px « 


1,0 Jo.) 9249 | 0,31] 56,48 0,05 14,37] 20,18 | 4,43 

82,21 | 0,51] 59549 v.01 | 2295 
0,2 | 36,19 | 0,87] 42,69 0,003 | 2,27 2,36 | 2,38 1,86 
34,68 1 1,25] 0,001 0,60 | 2°87] 0,47 


decrease in pH and an increase in the specific electrical conductivity with an increase in concentration, This fs 
explained by the fact that solucn of zirconium and hafnium oxynitrates in water {s accompanied by hydrolysis, which 
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TABLE 2, Change in the pH of Niwic Acid Solutions of Zirconium and Hafnium with Time 
at 20 4 0,1° 
of niuic pil of nitric 


acid solutions | acld solutions 
of zirconium of hafnium 


pli of nitric pll of nitric © 
cld solutions a J Olutions 
of zirconium of ainium 


con 


ncenta- 
solution 


MeO, concentra- 
tion in solution, 
mole /liter 

Me 

mole/liter 
freshly 

prepared 


cscs 


1 1 1 

5 5 0 
Fig. 1, Concentration dependence of the pli 
(1) and specific electrical conductivity (2) of 
nitric acid solutions of zirconium at 20°, 


as 
mole/liter 


Fig. 2, Concentration dependence of the pit . 
(1) and specific electrical conductivity (2) of 
nitric acid solutions of hafnium at 20°, 


proceeds to quite a considerable extent; low pH values were obtained In all cases, With an increase {n concentration 
there is a decrease in the pH of the corresponding solutions even though the degree of hydrolysis is reduced. The 
latter is confirmed by calculation of the amount of hydrogen ion per metal fon for solutions of various concentrations, 
It was found that this value is considerably lower at high concentrations than at low concentrations, The decrease in 
the pH {s caused only by the increase in the absolute amount of dissolved salts. The increase in the hydrogen fon 


concentration also causes the increase in electrical conductivity. 


To determine the effect of time on the hydrolysis, we measured the pH of solutions 2 weeks and 8 months after 
thelr preparation(Table 2), To determine the effect of temperature on the hydrolysis, we kept freshly prepared so- 
luuions of selected concentrations at a definite temperature for an hour and then measured the pH quickly (Table 3), 


Zirconium and hafnium oxynitrates are hydrolyzed in aqueous solutions with time, The equilibrium state was 
established 2 weeks after preparation of the solutions, A rise in temperature also increased the hydrolysis, As was 
to be expected, a comparison of the results on hydrolysis of nitric acid solutions of zirconium and hafnium indicates 
the somewhat more basic character of hafnium oxynitrates in comparison with the corresponding zirconium com- 


pounds, 
The results of measuring the density and viscosity of nitric acid solutions of zirconium and hafnium are given 
in Table 4 and Figs, 3 and 4. The densities and viscosities of the solutions increase almost Linearly with an increase 


in the zirconium and hafnium concentrations, 


| 
F 
1,0 0,30 1,27 | 1,27 | 1,43 | 1,35 | 1,35 
0,5 | 0,39] 0,59 | 0,38} 0,51 | 0,48) 0,50) 2,08 | 2,10 | 2,25 | 2,15 | 2,16 
0,2 |0,78] 0,69] 0,70] 0,87] 0,85] 0,86 2,15 | 2,14 | 2,38 | 2,20 | 2,22 
Ost 1,19] 1,04] 1,05] 1,25] 1,15] 1,14] 2:74 | 2:74 | 2.87 | 2,78 | 2,77 
x10 
10 pH 2”? 
25} 100 2 254-100 
20% 20 40,80 
70 
ts}\60 , 1s} 
\ 
0 (0 
; 10 
| 
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TABLE 3, Change in pl! of Nitric Acid Solutions of 
Zirconium and Hafniwn in Relation to Temperature 


MeQ, con- pliofnitric acid H of nitric acid 
In of zir- of 


solution, copium_ 
mole/liter | | | 100° 


0,5 0,39 | 0,49 | 0,05 
0,05 1,37 | 1,38 7 1.05 
0,005 | 2,27 | 2,18 | 1,84 


TABLE 4, Density (¢) and Viscosity (n) of Nitric Acid Solutions of Zirconium and Hafnium at 
20 2 0,1° ; 


in solution, ; 
mole/lter ' 


Nitric acid ~ | Nitric acid so- ~~~ acid Nitric acid 
lutions of zir- lutions of haf- solutions of solutions of 
conium _ zirconium 


gen tion 
n solution 


MeO, con- 


MeO, 
centration 


as 0 
mole/Lter mole/Liter 


Fig. 3. Concentration dependence of the den- Fig. 4. Concentration dependence of the den- 
sity (1) and viscosity (2) of nitric acid solutions sity (1) and viscosity (2) of nitric acid solutions 
of zirconium at 20°, of hafnium at 20°. 


For studying the solubility of zirconium and hafnium oxynitrates (.feO(NO,) + 2H,0 and MeQ(NO,) - 6H,0) 
in organic solvents, we chose 15 organic compounds of various classes, Before use, the solvents were purified by dis- 
tillation and the alcohols and ketones were dried. 


The solubilities were determined at 20 and 30° in normal glass vessels with a stirrer. Mercury was used for 
hydraulic seals, Into the vessel was placed a certain amount of ihe appropriate oxynitrate and 30-50 ml of solvent, 
The vessel was then placed In a water thermostat set at the given temperature. The temperature variation was ¢ 0,1°, 
It was found experimentally that equilibrium was reached after 7 days in all cases. The liquid and solid phases were 
separated by means of a cotton wool filter. Samples were analyzed for MeQ,, The results obtained are given in 
Table 5, 


Polar organic solvents, in particular, acetone and alcohols have the greatest dissolving power, It is interesting 
to note that the solubility of zirconium and hafnium oxynitrates decreases with an increase in the number of carbon 
atoms in the molecules of saturated alcohols, It also falls when alcohols with a branched chain of carbon atoms are 


Rainium_ 
ane | sme 
0,51 | 9,45 | 0,30 
1,43] 1,45 | 
3 2,38 | 2,25 | 2,14 
| 
| 
| d | a | d | n | a 
10 4.185 1,533 | | 1,744 10,05 | 1,006 | [1,008] 1,042 
| 1,28 1,459 1,203 O,O8 1,001 1,042 11,005] 1,030- 
0,2 1,035 1,092 1,067 1,127 | 0,005 0,998 1,037 | $,001] 1,022 
1,018 1,066 1,029 1,067 0,001 | 0,994 1,014 | 0,999] 1,024 
ar? 
{3} 17 2 
? 2 16 7 
(216 
“ 1 
gta uli 
{2 2 
10 10 
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TABLE 5, Data on the Solubilides of MeO(NO;) 21,0 and MeQ(NO,) 6HEO in Organic 
Solvents (wt. % of McQ,) at 20 and 30° 


(NOW) 210 (NO,),- HIO (NO,),° 


Solvent 

Methanol : ‘ 
Ethanol 18, os 19,20 [15,50 117,08 111,95 10,98 11,65 
n-Propanol 4,52 5,62 1 0,35 | 0,37 | 1,95 | 5,87 -- oo 
n-Butanol 0,26] 0,50) — — | 0,20), — 
0,07 | 0,10 wp. | | ap. — Hp. 

utanol 0,16] up. | ap. a.p. H.p. 
Acetone 20,65} — [12,301 — [18,90] — 4,78 
Ethyl acetate 10,35 |14,07 | 7,10 | 7,73 | 8,48 7 3,68 8,58 
Butyl acetate -p- | 0,19 0,19] | wp 4.p 


* { solubility less than 0,001 wt. %, 


used. This type of change in the solubility of inorganic salts in alcohols, if it is not general}, {s observed frequently, 
It was observed previously, for example, in a study of the solubility of alkalf metal chlorides fn aliphatic alcohols 
{7}. In addition, the dihydrates of zirconium and hafniurn oxynitrates have a somewhat higher solubility than the 
hexahydrates and for all the compounds {t increases with a rise in temperature. We established experimentally that the 
zirconium and hafnium compounds studied do not dissolve in acetophenone, dibutyl and benzyl ethers, chloroform, 
carbon tetrachloride, and dichloroethane, 


Thus, it may concluded that as a rule, zircon{um and hafnium oxynitrates dissolve to an insignificant extent or 
do not dissolve at all in nonpolar organic solvents and those of low polarity. Under otherwise equal conditions, zir- 
conium oxynitrates have a higher solubility in organic substances than the corresponding hafnium compounds, 
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The mechanism of the oxidation of cumenc to hydroperoxide has not been sufficiently studied even though this 
process is carried out on an Industrial scale, 


. The determination of the nature of the accumulation of the various by-products of the reaction under conditions 
approaching those used in indusuy can be of practical significance, since such information would permit a decrease in 
the consumption coefficient of benzene during production of phenol and acetone by the cumene method. 


The kinetics of the accumulation of acetophenone and dimethyIphenylcarbinol (DMPC) during oxidation of 
cumene to the hydroperoxide were studied in the present work with the aim of clarifying the route of formation of 
these products. 


Commerical cumene, produced by alkylation of benzene with propylene in the presence of aluininum chloride 
and purified by distillation and washing with a 5% alkaline solution, was oxidized with air in a stainless steel dif- 
fusion reactor. The reaction temperature was 115°, the pressure was atmospheric, and the air feed rate was 150 vol- 
umes per volume of cumene per hour. Samples were collected during the course of the reaction, and these were 
analyzed for cumene peroxide and hydroperoxide, acetophenone, and DMPC, The hydroperoxide and peroxide analyses 
(separate) were carried out fodometrically, the acetophenone analyses were polarographic and the DMPC was deter- 
mined by i.t. spectroscopy. The latter two methods were developed specially for analyses in the presence of large 
amounts of hydroperoxide, 


Figure 1 presents curves showing the accumulation of acetophenone and DMPC as functions of the extent of 
reaction (per cent hydroperoxide), As may be seen from the graph, the concentration of acetophenone increased 
linearly wich the depth of the process, The ratio acetophenone hydroperoxide was constant and equal to 0.03 over the 
entire course of the reaction. Such a result is characteristic of products formed in parallel. 


The accumulation of DMPC was autoaccelerated. The presence of an “induction period" — an appreciable 
amount of DMPC was detected only after the accumulation of about 10% cumene hydroperoxide — and the progressive 
increase in the ratio of DMPC to hydroperoxide with an increase in the extent of the reaction indicates that DMPC fs 
a product of cumene hydroperoxide decomposition, The results of experiments on the thermal decomposition of 
oxidized cumene lead to an analogous conclusion, Decomposition of the oxydate was carried out in glass ampoules, 
from which the air was removed, at 115°, The results of the analyses are presented as a graph (Fig. 2), The constant 
concentration of acetophenone and the increase in the concentration of DMPC confirms the conclusion that aceto- 
phenone is not formed from cumene hydroperoxide during the oxidation of cumene, while DMPC is a hydroperoxide 
decomposition product. 


The absence of an appreciable amount of newly formed acetophenone during the thermal decomposition of 
an oxydate containing 34% cumene hydroperoxide indicates that the reaction 


takes place at 115° at a substantially higher rate than does the monomolecular decomposition: 


= 

af 
i 3 

: 
| 


‘The analytical results showed that not more than 0.5% peroxide is formed when the hydrocarbon fs oxidized to 
anextent of 25-30% hydroperoxide, Evidently, it 1s a product of the recombination of oxy ot peroxy radicals, 


a- 
Mcthylstyrene was detected in still smaller amounts (less than 0.1%) at the same extent of oxidation, 


These experimental results suggest definite conclusions as to the mechanism of the oxidation of cumene, It is 
apparent from Fig, 1b that the reaction rate {s constant, with the exception of a short period at the beginning. This 


indicates an invariance in the composition and concentration of the chain-propagating radicals (2) within the limits 
of extent of oxidation studied, 


70 = 32 Wt. % 
ero e content 
ohydate 


Acetophenone (DMP 


tent 
° 


00 20 wt.%e 
Cumene hydroperoxide de- 
composed, —= 


Acetophenone (DMPC) 


content 


Fig. 1, a) Dependence of yfeld of aceto- 
phenone (1) and DMPC (2) extent of oxida- 
tion of cumene; b) kinetics of accumulation 
of cumene hydroperoxi¢e, 


Fig. 2. Formation of acetophenone (1) 
and DMPC (2) during decomposition of 

an oxydate containing 34% hydroperoxide, 
1,6% DMPC, and 1.2% acetophenone, 


From general theoretical considerations of radical chain processes [3], it {s known that the formation of hy- 
droperoxide takes place as a result of alternation of two elemental acts: 


R’ O, - RO}, (1) 
ROY} RH ROSH R’, (2) 
As we have determined, the formation of acetone parallels that of hydroperoxide as a consequence 

of the concurrence of reaction (2) with the conversion of the C;HsC(CH;),00° radical directly to acetophenone, 


The question of possible reactions in which the radical C,H;C(CH 00" participates, besides Interaction with 
the original hydrocarbon, has been discussed in the literature, One group of conversions is connected with chain 
termination [4-6], The possibility of chain propagation with the formation of a stable, nonperoxide product has been 


postulated as another group of conversions (5, 6}. Of the two possible reactions resulting in the formation of aceto- 
phenone: 


(CH3),00° -+ 2C,H1,C (CH;),0° 4-O,, 
CHS 


ad 
CHC (CHs),0° __ 
(CH;),OH 


(CHa) 0000 (CH;); CCH, 
CoH, C(CHa)s 00 (CH,); C— + 


2CsH,COCH, }- CH,00' + CHy 


only reaction (Il) takes place under our conditions, as is shown by the experimental data, 


| 
wt, b 
G 20 
16} 15 
| 
st he 
(0) 
997 


Thus, the following successive formation of basic reaction products takes place during oxidation of cumene by 
air at 115°: 


GH,C (CH), H (CH) C,H,COCH; CH,OH 
(CH); OOH 
C,H,C (CH); OH 
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lit previous communications [1-3] we have described the properties and routes for the synthesis of unsaturated 
aldehydes and ketones having the general structure of I (n = 1; R’ = H, alkyl, fsoalkyl, and alkoxymethy]; R® = H, 
CHy, C(CUy)s) 


ork 


Ketones of the type of I with n > 1 are still unknown, Polyene carboxylic acids containing a 5-nitrofuran 
group are also unknown. 


Morcover, S, S. Novikov and G, A. Shvekhgeimer (4, 5) recently prepared polyene nitroketones and nitrocar- 
boxylic acids of the aromatic series, using for this purpose the well-known Wittig reaction [6], Owing to its univer- 
sality, simplicity of method, and clear-cut course, this reaction is of great interest in connection with the synthesis 
of polyene carboxylic acids (Ila) and polyene ketones (IIb) of the nitrofuran serics, It fs well known that these com- 
pounds, as well as the unnitrated (Illa) and nitrated (IIIb) aldehydes used in their synthesis, are very sensitive toward 
acidic and basic reagents, and in this connection the preparation of Il with n > 1 using other reactions (Perkins con- 
. densation, Claisen condensation, nitration, etc.) has proved to be impossible up to the present. 


n-:1, 2, 3, 4 n:=0, 1, 2,3 
(R = CH,) lila (R = H) 
(R = OH, OC;H,) Ill b(R = NO,). 


Thus, for example, our attempt to use nitration for the synthesis of 5-(5° -nitrofuryl-2")-2,4-pentadienecar- 
boxylic acid by carrying out the reaction under conditions known to be optimum for the nitration of a, 8 -unsaturated 
furan aldehydes and ketones (a temperature of ~25° and sulfuric acid as the catalyst) [2, 3] was unsuccessful, in spite 
of the fact that under these conditions the yield of 6 -(S-nitrofuryl-2)acrylic acid from the nitration of 6 -(2-furyl)- 
acrylic acid was 75%, 


On the other hand, through the interaction of unsaturated aldehydes of the 5-nitrofuran series (11, n = 0, 1, 2, 3) 
with acetylmethylenetriphenylphosphorane (IV) and with carbethoxymethylenetriphenylpbosphorane (V), we were able, 
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without affecting the double bond, to synthesize extremely easily and in good yields S-niuofurylpolyencketones and 
esters of 5-nitrofury lpolyenecarboxylic acids (VI-X1X) containing up to four vinylidene groups in the side chain, The 
properties of these compounds are given in the table, 


ns) (420,124) (iv) X= COCH, (ite) X»COCH, 
(Vv) X*COOCGH (X* COOC HY) 


Acid hydrolysis of the esters of 6 -(S-nitrofuryl-2)acrylic acid (XIV) and 5-(5'-niuwofuryl-2°)-2,4-pentadiene- 
carboxylic acid (XVI) gave the corresponding acids (XV and XVII), At the same time, it was not possible to carry 
out hydrolysis of esters of higher 5-nitrofurylpolyenecarboxylic acids XVIII and XIX by the same method, which in- 
dicates that these compounds are quite sensitive to different chemical actions, 


Compounds VI-XIII are of interest as highly active antimicrobic preparations, and compounds XIV-XIX are of 
interest as potential anthelmintics. Information of the physiological and pharmacological properties of these com- 
pounds will be described in a separate communication, 


EXPERIMENTAL 

Conditions for the Wittig reaction, To a solution of 0.01 mole of acetylmethylenetriphenylphosphorane (IV) 
or, respectively, carbethoxymethylenetiphenylphosphorame (V) in 20 ml of anhydrous methylene chloride was added, 
over a period of 10 minutes, a solution of 0.01 mole of the 5-nitrofuran aldehyde IIb (n = 0, 1, 2, 3) In anhydrous 
methylene chloride (20-60 ml); the addition was carried out with stirring and under an atmosphere of nitrogen, The 
reaction mixture was refluxed for 5 hours, cooled to room temperature, and purified by passage through a column 
packed with 7 g of activated aluminum oxide moistened with 5% water. The solvent was distilled, leaving a mix- 
ture of the 5-nitrofuran derivative Ia or fb and wiphenylphosphorane oxide, which was recrystallized from alcohol, 
The yields and properties of the substances synthesized by this method are shown in the table. 


Acid hydrolysis of the esters. To a mixture of 8 ml of 93% acetic acid and 0.3 ml of concentrated sulfuric acid 


was added 0,01 mole of the ethyl ester of the 5-nitrofurylpolyenecarboxyle acid, and the reaction mixture was heated, 
with stirring, in a flask fitted with a reflux condenser on a water bath for a period of 6 hours. When reaction was 
complete, the mixture was cooled to room temperature, suction filtered, washed with water, and dried, first in afr 

and then in a vacuum desiccator over phosphorus pentoxide, 
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As previously reported (1}, in our study of the rates of hydrolysis of complex compounds of eetepvatent platinum 
we have given: some attention to the different natures of the kinetics of hydrolysis of trans- (PtermCk}*” and trans- 
[Pr(NUly),Cly)? . While our measurements showed that the hydrolysis rate of the ammonia tetramine {s first order with 
respect to hydroxyl fon concentration, according to the data of Basolo and Pearson [2] the rate of hydrolysis of the 
ethylenediamine tetraming does not depend on the concentration of the base. These authors studied the rate of hy- 
drolysis of trans- [PtengCl,]*” only with respect to an increase in the concentration of chlorine fons in bn solution, 

On the basis of their experiments, Basolo and Pearson consider that the interaction of trans-[Pten,Ch]* * with the base 
takes place by an Sy1CB mechanism, which can be represented schematically as follows: 


[Pten,Cl,]®* OH’ [Pten (en — Hy 11,0 (fast) 
[Pten (en — H) [Pten (en H) 4- Cl- (slow) 
[Pten (en — H) Cl}** 11,0 -+ [PtenClOnl}** (fast) . 


The kinetic Investigations of Basolo and Pearson were carried out with an 0,005 M solution of the complex and 
with a change in concentration of the base from 0.20 mole/liter to 0.55 mole/ liter. According to the data of i 


authors, the rate constant for the interaction of the ethylenediamine analog of Groh's salt is 5.3 - 10 seconds™® 
25°, 


In order to determine the reason for the different behaviors of Groh's salt and its ethylenediamine analog in 
their interactions with bases, we have repeated the investigation of the kinetics of the hydrolysis of trans-[Ptem,Ch]Ck. 


Experimental method. A solution of a weighed sample of the complex was prepared in a volumetric flask, The 
appropriate amount of a KOH solution was added to the flask, and the total volume of solution was brought up to the 
mark, The reaction was carried out in a thermostatted bath at 
25° under conditions which excluded the effect of light. The 
consumption of the base was followed by titration with hydro-. 
chloric acid in the presence of phenolphthalein, The concen- 
tration of free chlorine fons was determined by titration with a 
solution of Hg(NO,) in the presence of sodium nitroprusside, 
and the amount of platinum reduced was obtained by titration 
with a solution of potassium permanganate, 


mol /liter 
Qo 


/ liter 
(Ct'} mol /liter Our data on the interaction of an 0,005 M solution of 

0 0 | 160 200 Min trans-[PtemCk }Cl, with the base were in precise agreement with 

the data of Basolo and Pearson; specifically, the rate of increase 

tet in the concentration of free chlorine fons in the solution was 
solution of trans-[PtengCh Ch with an 0.1 M s0- almost independent of the concentration of ane, and the rate 
lution of KOH: 1) Consumption of base; 2) ac- constant for this process was 5.7 + 107 seconds“, However, we 
cumulation of divalent platinum in the solution; were able to establish that in addition to the increase in con- 
3) increase in chlorine fons in the solution. centration of chlorine fons in the solution and the corresponding 


* en-ethylenediamine, 


ia 
63 
tok 


consumption of hydroxy] fons, reduction of the complex to a divalent platinum compound also took place at the same 
rate, By the time the reaction was complete, it was possible to separate [Pten, {PtCl,] by the action of potassium 
chloroplatinite. Thus, the interaction of trans-[PtemClhJCk with a base should be considered as a reduction and not 


as hydrolysis, The increase in the concentration of free chlorine fons in the solution is a consequence of this reduc- 
tion, 


The reduction of the tetravalent platinum may be considered to take place by a complete transfer of an elec- 


tron from an imido group to the central atom, The reaction leading to reduction of the complex can be represented 
as follows: 


cl 
NH, | NHy—CHy CH, — | NH Clty 
OH 22 | Pur HO (fast) 
CH; — | NH ~-CHy 


Pa att 
© 
CH, NH, NH)—CH, Cll; — NH; NH — CH, 
CH, -- NH, -- CH, NH_]| CH, 
cl ct 


Repetition of this process, which can include disproportionation of the trivalent platinwn compound, must lead 
to a divalent platinum compound. Such a complex fon must contain an NHCH,CH,NH, radical, That these radicals 
interact with water in accordance with the following scheme {s not excluded: 


CH:— NH, NHCH, CH:NHy NH CH;42+# 
per | | pit | +200. 


CH:-—NH  NH.CH; CH:NH; 


With the presence of an amino 2 group in the NHCI!,<H,NH, radical, its cleavage from the complex should be 
difficult. The fact that the [Pten,J* * foa can be separated in 70% yieid from the solution at the end of the reaction 
indicates that ethylenediamine is preferentially retained in the complex. If the ynen of the biradical NHCH,CH,NH 
in the complex is assumed, the probability of its cleavage increases, 


The presence of free radicals was established by polymerizing acrylonitile, This reaction permits detection 


of the presence of free radicals, but does not permit determination of their nature, Clarification of the nature of the 
free radicals is currently being pursued, 


The authors express their appreciation to B, A. Dolgoplosk and E, 1, Tinyakova for council and assitance during 
detection of the free radicals, 


Ata complex concentation of 0.005 mole/liter, the course of the kinetic curve has the usual form—the reac- 
tion rate decreased with consumption of the complex. With an increase in complex concentration to values of 0,025 
and 0,05 mole/liter, the character of the kinetic curves clearly changed with time (see figure), Moreover, at high 
concentrations of complex, an effect of base concentration on the kinetics of the reaction appeared; this can be 
associated with the presence of free radical reactions, The free radical concentration must be low at low complex 
concentrations. In this case, their effect on the reaction does not appear. 


The interaction of the propylenediamine tetramine tans-[PtemCh Ch with a base proceeds in a manner similar 
to that of trans-[PtemCh]Ck. At the same time, the interaction of cis-[PtengCl,}Cl, which was prepared by L, V, 
Vrublevskaya and one of us [3], was practically unaccompanied by reduction of the platinum under the same con- 
ditions; however, hydrolysis of the cis fsomer takes place extremely rapidly. 


| 
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Several investigations have shown [1] that tertiary butyl peroxide and tertiary butyl perbenzoate (TBB and TBPB) 
both individually and particularly in mixture with other peroxide compounds, are active initiators of suspension poly- 
merization, combining high polymerization rate with high molecular weight of the resulting polymer, 


In this connection, it seemed of interest to study in greater detail polymerization initiated by these peroxide 
compounds, With this aim, the rate of polymerization of styrene at different concentrations of TBP and TBPB at dif- 
ferent temperatures was studied in the present work. For comparison, the polymerization of styrene in the presence of 

benzoyl peroxide (BP) as the initiator was studied under the same 
%e/hour conditions, The change in the molecular weight of the polystyrene 
— with a change in conversion extent and certain other conditions was 
also investigated. Both mass and emulsion polymerizations (stabilized 
with an 0.2% solution of Solvar) were carried out, Polymerization 
rates were determined dilatometrically, Experiments were carried 
Out over the temperature interval from 85 to 115°, The initiator 
concentration was varied from 0.01 to 0.12 mole/liter of monomer, 
Polymer molecular weights were calculated from the intrinsic vis- 
cosities of the polymers in benzene solution at 25°, 


Inasmuch as the kinetic picture presented by mass polymeriza- 

i a8 tion {is identical to that presented by suspension polymerization [2], 
ts as we have confirmed experimentally, the data presentec below 
relate only to mass polymerization, 


Fig. 1. Dependence of styrene polymeriza- Kinetic curves for the accumulation of polystyrene at different 

tion rate on initiator concentration at dif- concentrations of TBP, TBPB, and BP are shown in Fig. 1, It should 

ferent temperatures: 1) TBP at 85°; 2) TBPB be noted that the Linear relationship between extent of conversion and 

at 73.5°; 3) TBP at 95°; 4) TBPB at 85°; 5) polymerization time for TBP- and TBPB-initiated polymerizations 

PTB at 105°; 6) BP at 85°, holds only at low conversions (up to tials the process {is auto- 
accelerating at higher conversions, 


The rate constant for the thermal decomposition of BP in ethylbenzene solution at polymerization temperature, 
85°, is 4.4 - 107; the rate constant for TBPB is 6,1 ° 10°‘, while thermal decomposition of TBP proceeds extremely 
slowly under these conditions, Thus, we observe an increase in polymerization rate depending on the nature of the 
initiator used, {.e., in parallel with the rate of thermal decomposition of the initiators, 


The relationship between polymer intrinsic viscosity and the nature and concentration of the initiators in- 
vestigated is shown in Fig. 2, As would be expected, intrinsic viscosity decreased regularly in the series BP~TBPB—TBP, 
In the case of BP and TBPB, we observe the characteristic picture of a decrease in polymer molecular weight with an 
increase in initiator concentration, In the presence of TBP, a decrease in molecular weight with an increase in 
initiator concentration was not observed. Within the range of TBP concentration investigated—from 0.01 to 0.10 
mole/liter of monomer —polymer intrinsic viscosity increased very slightly with an increase in initiator concentration, 


— 
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Dependence of Polymer Intrinsic Viscosity on Time of licating at Polymeriza- 
tion Temperature ; 


Heating 


‘time, 


§ 
In} 


Temp. 


TBP 


com 


This fact fs difficult to connect with the universally accepted rule that an Increase in initiator concentration leads 
to a decrease in polymer molecular weight. 

It is interesting to note that during polymerization initiated by TBP, an Increase in process temperature did not 
lead to a significant decrease in polymer intrinsic viscosity. Thus, for example, an increase in temperature from 85 
to 105° caused an increase in the polymerization rate by almost a whole order of magnitude, while the intrinsic vis- 
cosity of the polymer decreased by only 50% (Fig. 1 and table), 


| 
liter of monomer 
Fig. 2. Dependence of polymer intrinsic Fig. 3. Change in intrinsic viscosity of 
viscosity on concentration of: 1) BP; 2) polymers with a change Inextentof conver- 
TBPB; 3) TBP, Polymerization temper- sion in the presence of initiators: 1) BP; 
ature 85°, 2) TBP at 95°; 3) TBP at 115°; 4) TBPB at 
85°, Peroxide concentration 0.05 mole/liter 


of monomer, 


We also investigated the change in polymer intrinsic viscosity during the course of the conversion of styrene to 
polystyrene, The data obtained are presented in Fig. 3. It wa* found that when polymerization is initiated by BP, 
theie is a very slight increase in polymer intrinsic viscosity as conversion increases up to 50%, At higher conversions, 
intrinsic viscosity remained constant. When polymerization was initiated by TBPB or, particularly, by TBP, polymer 
intrinsic viscosity increased greatly even at considerable extents of conversion where the monomer concentration in 
the system was insignificant. Moreover, when the polymer was held for some time at polymerization temperature 
after completion of the polymerization process, in spite of the practically complete disappearance of monomer (its 
concentration could not exceed 2-3%) there was an increase in polymer intrinsic viscosity. The data obtained are 
presented in the table. This was not observed when the polymerization was initiated by BP; the polymer intrinsic 
viscosity did not change during the heating. 


These results are connected with the high activity of the CH, - T O radicals formed during decomposition 


Clty 
of the TBP and TBPB. The literature (3) contains information on the extremely high reactivity of ae ig 


CHy 


j 
BP 0,05 | 0,27 || | 0,05 95 1,30 
; 0,05 0,27 0,05 95 1 1,48 
< 0,05 0,26 0,05 95 3 1,60 
: TBPB 0,05 1,40 0,057) 105 _ 1,20 
0,05 1,51 0,057] 105 1 | 1,34 
: 0,05 1,59 0,057) 105 3 1,40 
TBP | 0,05 2,30 
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radicals, which are capable of abstracting hydrogen from different solvents. Hydrogen is more easily abstracted 
from tertiary carbon atoms, particularly from those bonded to a phenyl group [4]. The free radicals formed during 
decomposition of TBP and TBPB in a polymerization system can interact with tertiary carbon atoms in the polymer 
chain in accordance with the scheme: 


—C— CH, — 4.CH, — on, 


di, 0 di, 


giving polymer free radicals which continue to grow in the presence of monomer and which react with each other in 

the absence of monomer producing polymer with a higher molecular weight. Owing to the high thermal stability of 
these peroxides, even after completion of the polymerization the amount of initiator required for this will be present 

in the system (if the polymerization temperature {s not too high), In those cases where the polymerization fs carried 
out at higher temperatures, the initiator can be exhausted at the end of the process owing to the higher rates of initiator 
decomposition, In that case where heating did not change the molecular weight, the change in intrinsic viscosity during 
the course of the process (Fig. 3) was slight. 


Thus, the high initiating “activity” of tertiary butyl type initiators is connected with interaction of the resulting 
tertiary butyl radicals with tertiary carbons of the polystyrene, f.e., with chain transfer through the polymer, This is 
a sort of graft homopolymerization, The role of a less stable peroxide, when used in a mixture with other initiators, 
consists of conversion of monomer partially to polymer to create conditions for a gel effect [S}. 
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According to physicochemical analytical data, soy bean oil glycerides contain in various combinations linolenic, 
linoleic, oleic, stearic, and palmitic acid radicals. The experimentally determined glyceride structure of the ofl (1) 
is in agreement with the results obtained on the basis of the distribution theory (2), With the aims of determining 
more precisely the glyceride composition of soy bean ofl and of studying the physicochemical properties, we have 
synthesized the glycerides taking {nto account the possible position isomers (Scheme 1), Starting with {sopropylidene- 
glycerine, we prepared five monoglycerides: a-monolinolenin (XLVI), a -monolinolein (XLVII), « -monoolein (XLVIII), 
a -monostczrin (XLIX), and « -monopalmitin (L), Conversion of the latter to wiglycerides was accomplished either 
in one stage [a -linoleno- 8, a'-distearin (VII), a-linoleo- 6, a-distearin (XVI), a-linoleo- B, a'-dipalmitin (XVII), 
triolein (XX VII), a-oleo-8, atdistcarin (XXVIII), a-stearo- 6, a*-diolein (XL), wistearin (XLI), a-palmito- B, a*- 
dilinolenin (XLII), a-palmito- 8, a*-dilinolein (XLIV), and tripalmitin (XLV)] o¢ in two stages [a -oleo-B -stearo- 
a’-linolein (XXIIT), a,a‘-dioleo- -stearin (XXVI), a-stearo- B -olco- a'-linolein (XXXIV), a-stearo- B -linoleo- 
a’-olein (XXXVI), o ,a*-distearo- -linolenin (XXXVII), a,a'-distearo- B -linolein (XXXVIII), a,a‘-distearo- B- 
olcin (XXXIX),and a-palmito- B-linoleno linotein (XLIII)) through the -diglycerides: 
(LI), a,a*-diolein (LII), a -stearo-a*-linolein (LIII), a-stearo-a’-olcin (LIV), a,a°-distearin (LV), and a-palmito- 
a*-linolein (LVI), 


These triglycerides were purified by means of adsorption chreinatography on silicic acid and were {identified 
by means of paper chromatography. Physicochemical data on these uiglycerides are presented in the table. 


The triglycerides wilinolenin (1), a,a'-dilinoleno- -linclein (II), a,a°-dilinoleno- B-olein (IM), a,a*- 
dilinoleno- 8 -stearin (IV), a-linoleno- 8, a'-dilinolein (V), a-linoleno- 8, a*-diolein (VI), a-linoleo- B,a’- 
dilinolenin (VIII), wilinclein (IX), a-linoleo- B -oleo- a'-linolenin (X), a-linoleo- 6 -stearo- a’ -linolenin (XI), a- 
linoleo- B, a’-dioiein (XII), a,a’-dilinoleo- 6 -linolenin (XIII), a,a'-dilinoleo- B -olein (XIV), a,a‘-dilinoleo- 
8-stearin (XV), a-oleo- 8, a'-dilinolenin (XVIII, a-oleo- -linoleo- a’-linolenin (XIX), a-oleo- B -stearo- 
linolenin (XX), a-oleo- a‘-dilinolein (XXI), a-oleo- B-linoleno- a*-linolein (XXII), a,a’ -dioleo- 6 -linolenin 
(XXIV), a,a°-dioleo- B-linolein (XXV), a-stearo- 8, a’-dilinolenin (XXIX), a-stearo- B-linoleo- a’ -linolenin 
(XXX), a-stearo- B-oleo- a'-linolenin a-stearo- 8, a’ -dilinolein (XXXII), a-stearo- B -linoleno- a'-linolein 
(XXXII1, and a-stearo- B -linoleno-a*-olein (XXXV) were prepared by us previously (3). These tiglycerides occur 
both in soy bean and in flax seed oil. 


These triglycerides (I-XLV) are closely similar to natural soy bean oil in their properties: d,’ 0.921-0.931, 
nf§ 1.472-475; fodine number 114-137. Higher fatty acids are the chief starting materials for the synthesis of the 
twiglycerides in flaxseed, walnut, sunflower seed, soy bean, sesame seed, olive, almond, coconut, and cocoa bean 
oils, creamery butter, egg yolk fat, and other vegetable oils and animal fats. 


A number of methods are described in the literature for the preparation of linoleic [4], linolenic [5], and other 
higher fatty acids, Owing to low yields, experimental difficulties, or lack of available raw materials, these methods 
are chiefly of theoretical interest. : 


— 


We investigated several possible routes for the preparation of higher fatty acids; these methods were based on 
ethylene telomerization products [6], butadiene polymerization products (7), and other availaole forms of raw ma- 
terial [8], The present article presents one of these methods for the preparation of linoleic acid; it is also proposed 
for other compounds of this series, . 


2-Octyne-1-ol (LVII, b.p. 98-100°/ 16 mm, 0.8916, nf§ 1.4551, MRp found 38.37; calculated for OF, 
38.61) was prepared by condensation of butyl bromide and 1-chloro-2-butyn-4-ol. The alcohol was converted by re- 
action with phosphorus tribromide to 1-bromo-2-octyne (LVIII), The yield was 80.4%, B.p. 69-72°/5 mm, rg 
1.2095, njj 1.4859, MRy found 44.88; calculated for CyHyBrF, 44.84, 


Ci4,(CH,), Be HC@=CICH,),C@CH 
Lx 


HC=C(CH,),CH=CHSCOCH, 
x 


CH/CH,),C=CCH,OH HC™=CICH,),CH=NOI 
Lx! | 


CH HCeC(CH,),CH 
So-cH, 


| 
| O-CH, 
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Scheme of the synthesis of cis, cis-9,12-octadecadfeneole acid. 


The second component, 9-decynal (LXII) [13], was prepared from 1,9-decadiyne (LIX, b.p. 76 -17°/18 mm, 
d 0.8376, ny 1.4532, MRp found 44.33; calculated for CyHygFz 44.25; i. spectrum: 331 (w), 2125 (av) cm", 
cf. reference (1]). The latter was synthesized in 80.7% yield from 1,6-dibromohexane (b.p, 110.8-112°/14 mm, 
a’ 1.5737, nis 1.5055, MRp found 45.49; calculated for CgHpBr, 45.44), The 1,9-dicadiyne (LIX) was converted by 
reaction with thioacetic acid to 9-decyn-1-en-1-thiol acetate (LX; yield 79.3%; b.p. 95.3-96.4° at 0.12 mm, dy 
0.9746, nf§ 1.5022, MRp found 63,42; calculated for CizHisOSFF. 62.85). This was converted through 9-de- 
cynaldoxime (LXI, 88.4% yield, m.p. 79.1-79,.5") to 9-decynal ethylene acetal (LXII), The yield was 67.1%, 


B.p. 73.0-74.5°/16 mm, d4° 0.9504, nz? 1.4564, MRp found 56.93; calculated for Cgltzg0, 56.61, 
P D 


The condensation of 1-bromo-2-octyne (LVIII) with 9-decynal ethylene acetal (LXII) gave 9,12-octadlyn-1- 
al ethylene acetal. The yield was 57.6%, 


B.p. 142.9-144.1°/ 0,09 mm, dq’ 0.9411, nff 1.4789, MRp found 91.73; calculated for Cygl2O,F, 91.68, Sub- 
sequent saponification and oxidation of compound (LXIII) led to 9,12-octadecadiynoic acid (LXIV), The yield was 
39.7%, M.p. 42.6-43.9° (from alcohol), Rg 0.84 in the system n-butanol : chloroform ; 25% aqueous ammonia (10:5 :2), 


Selective hydrogenation of 9,12-octadecadiynoic acid (LXIV) pave cis, cis-9,12-octadecad{enoic acid (linoleic 
acid) (LXV), The yield was 82.6%. B.p. 148.1-150.7°/0,21 mm, dq’ 0.9122, njj 1.4715, MRp found 86.10; calculated 
for CystHs2O,F2 85.93. Rg 0.71 in the system n-butanol : 10% aqueous ammonia (9 : 2), 


Found %: C 77,36, 77.51; H 11.61, 11,63, 


Calculated C 77,11; H 11.50, 
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Scheme I, Synthesis of soy bean oil glycerides 
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The question of the crystallization of glass has recently acquired great significance. The starting material {s 
a melt consisting for the most part of silicates. In certain cases, substances—platinum, gold, and silver~are In- 
troduced into the melt to serve as crystallization nuclei, The finished objects formed from the melt are subjected 
to a thermal weatment, the purpose of which is to cause the formation of a crystalline phase in the object. This 
phase is composed of fine crystals, the dimensions of which are measured in fractions of a micron, In the case of a 


number of materials of this group, the process by which the microcrystalline structure is formed is accelerated by 
ultraviolet and shorter radiation. 


Substantial improvement of the properties of the crystallized material as compared to those of the original 
seinifinished glass product can be obtained only through a reasonably uniform structure with respect to size and con- 
centration of the crystalline formations, Therefore, it is necessary 
to take into account regularities in the separation of new phases in 
melts. Such regularities have previously been noted in work in 
which a special role was delegated to the process of redistribution 
of the dimensions of newly formed phases, specifically, to growth 
of the coarser islands of the new phase with a simultancous de- 
crease in the dimensions of the small newly formed phases (1, 2}, 


In succeeding work in which certain questions of the forma- 

tion of finely crystalline glass structures were considered [3-6], 
no attention was given to the regularity mentioned above; never- 
j theless, it has been confirmed by ¢irect experiment, as will be 
Ps Bock seen from the material presented below. This redistribution process 

conforms to the laws of thermodynamics, because the total area 
Fig. 1. Electron micrographs of the structures a the surfaces of phase separation decreases, and the entropy of 
of samples of crystallized glass held at the 


higher crystallization temperature, 1050°: a) The change in the area of the phase-separation surface As, 
1 hour; b) 4 hours, and the change in the Gibbs free energy AZ, are related by the 
following equation: 


14s = AZ, 


where I is the coefficient of surface energy intensity. 
As is well known, the entropy change is 


AZ) . 
AS = — a): 


< 
i 
4 
te 
iS 
1012 
A 


consequently, in the case of interest to us ' 
AS == — As (3+ 


and the change in heat content is 


AH = As[I—T( 57), ]- 


The following experiments were carried out to investigate experimentally the process of redistribution of the 
dimensions of newly formed phases during crystallization of a glass composed of SiQ,, A,Q, and TiO). 


J 


25 


» 
ete 


Fig. 2, Electron micrographs of the structures of samples of the same glass 
crystallized under different regimes at 1050° with holding times of: a) 0 hours; 
b) 2 hours; c) 4 hours; d) 5 hours, 


Heating time, Disthene crystal | Rutile crystal Total number 
3 429 hours dimensions, ys dimensions of crystals 
ns (length), per cc 
| 1 0.11 0.38 18 + 10” 
4 0.33 0.56 2.2+10° 
he 
Samples of the original glass were subjected to crystallization under 


TTT tT? two different temperature regimes. In the last stage of the crystallization 
regimes, the samples of both series were held at 1050°, Treatment of sam- 


ples in each of these series differed in length of time of holding at this 


Fig. 3. The change in the dimen- 


sions (R) and concentration (n) of 
crystals in samples of Series II as 
functions of the time of thermal 
treatment at 1050°, 1) Dimen- 
sions (length) of rutile crystals; 

2) dimensions of disthene crystals; 
3) number of crystals of both phases 
per ce. 


temperature. The crystallized samples were investigated with an EM-100 
electron microscope; a shadow-cast replica method [7] was used at a mag- 
nification of 14000 x. Fresh fragments of the samples were investigated. 


In order to develope the relief, the fragments were etched in 12% HF for 
5-20 seconds, 


Two main crystalline phases separated during crystallization of the 


glass under study. These phases were identified as disthene and rutile by 
x-ray structural analysis, 


The disthene crystals were short prisms with dimensions almost equal in all directions; the rutile crystals were 
highly elongated prisms with pyramidal beveling of the smaller faces, 


| 
| 
| 
_ 
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Figure 1 shows the change,in structure as a function of time of thermal treatment for samples of the first series, 
while a similar picture is presented for samples of the second series in Fig, 2. 


Table and Fig. 3 present typical results of measurements of the concentration and dimensions of particles as 
detertnined from the electron micrographs, The comparatively small scatter of dimensions of crystals of each phase 
for a given thermal treatment should be noted, 


An investigation of the crystallization kinetics by electron microscopy showed that with an increase in the time 
of thermal treatment at constant temperature there is an increase in crystal size without a change in phase composi- 
tion, This can be explained by diffusion absorption of the smaller crystals by the larger crystals, 


The above material shows that there is substantial redistribution of the dimensions of microcrystalline formations 
during thermal treatment. 


Since the presence of inhomogeneitles in the composition of the original semifinished product promotes broaden- 
ing of the dimension-distribution band of the new phases in the initial and, consequently, in the final stage, in order 
to obtain the greatest homogeneity of the microcrystalline glass structure it {s necessary to provide maximum homo- 
geneity of the semifinished glass product with respect to chemical composition, 
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The effect of introducing radjoactive {sotopes (s*5, Ca‘’) into the catalyst on the dehydration of cyclohexanol 
over MgSO, + Na,SO4 and MgSO, + CaCl, catalyst mixtures was investigated in previously published work (1-3). A 
change in the rate of the catalytic reaction as well as in the activation energy of the process was observed. The 
action of 6 -rad{ation from S** and of external electron irradiation on the de- 
hydration of a primary aliphatic alcohol (n-dodecanol) over magnesium sulfate 
was investigated in the present work. The effect of irradiation with electrons 


80 sf on the isomerization of products of the reaction was also investigated, 
The experiments were carried out in a flow-type apparatus 
J The dodecanol was fed at a space rate of 0.16 minutes~” when the dehydration 
60 4 was carried out over the radioactive catalyst and at a space rate of 0,25 
minutes”! in experiments in which frradiation was external, The amount of 
| 50 catalyst was 0.4-0.6 g, which corresponded to approximately 1 ml of packed 
volume. The dehydration was carried out at temperatures ranging from 250 
40 to 450°, The magnesium sulfate was prepared by dissolving magnesium metal 
a in dilute chemically pure H,SO,y, Radioactive sulfuric acid labeled with a 
& » was used in the preparation of the radioactive catalysts. The solution of mag- 
2 nesium sulfate was evaporated to dryness, and the resulting residue was cal- 


cined in air for 2 hours at a temperature of 400°, The results of analysis of the 
preparation (found, 65.72% SQ,; calculated for MgSO,, 66.51% SOy) indicate 
a salt of the composition MgO * 0.96SO,. The following samples of MgSO, 


% were used in the present investigation: 1) the nonrad{oactive preparation, 2) 
ag has row an MgSO, preparation with a specific activity of 16.6 mC/g, and 3) a catalyst 
with an activity of 19.1 mC/g. In the experiments in which external {rradia- 
Fig. 1. I.t. absorption spectrum tion was used, the source of fast elections was a 1 Mev Linear accelerator fed 
of acatalyzate obtained by de- by a capacitance-coupled cascade vacuum tube voltage amplifier, An elec- 
hydration of n-dodecanol over tron beam: with an energy of 0.8 Mev was fed to the reactor through a beryl- 
magnesium sulfate, Absorption lium window having a thickness of 0.3 min. The dose, which was determined 


bands: 1, 2) n-Dodecanol; 3, 5) by the iron sulfate method, was of the order of 10° ev/g for an experiment time 
a-dodecene; 4) trans-dodecene, of 10 minutes, 


The total amount of unsaturated hydrocarbons, which were obtained in 
accordance with the reaction Cpli,,0H H,O - Cpl, was determined by 

bromine titration, Identification of the dehydration products was accomplished by infrared spectrophotometry. An 
IKS-14 infrared spectrophotometer was used to take absorption spectra of solutions of 1-undecene, 5-undecene, and 
1-dodecene in different concentrations in n-dodecanol; the a-isomer gave an absorption band at 912 cm*', and the 
trans-isomer absorbed at 965 cm“, which is in complete agreement with the literature data (5}, In determinations 
of the a-isomer, a calibration curve for mixtures of n-dodecanol with a-dodecene was taken each time, The linear 
dependence of optical density of the solutions on a -dodecene concentration indicated that it would be possible to use 


the line as a calibration curve. Figure 1 shows the infrared absorption spectrum of a catalyzate obtained by dehydra- 
tion of n-dodecanol over magnesium sulfate. 


The catalytic activity of MgSO, for the dehydration of primary dodecyl alcohol was lower when s** was in- 
troduced into the catalyst than when nonradioactive magnesium sulfate was used (Fig. 2a). Irradiation by electrons 
from an external source during the reaction had no effect (Fig. 2b). 


Conversion. fo 
a-Isomer content of 
olefin mixture 


Fig. 2. Dehydration of n-dodecanol over Fig. 3. Dependence of the yield of a- 
magnesium suifate. a: 1) MgSOg; 2) isomer on radioactive irradiation of the 


MgSO, 16.6 mC/g:3) MgSO, 19.1 catalyst. 1) MgSOg 2) MgSO, 16.6 
mC/g. b: With external electron irradia- 

tion: 1) Without irradiation; I) with mC/g; 3) Mg80y 19.1 mC/g. 
irradiation, 


In previous work, we used a mixture of MgSO, and 
NazSO, as acatalyst for the dehydration of cyclohexancl, The 
yield of cyclohexene increased with an increase in the specific 
radioactivity of the catalyst. Since this study of the dchydra- 
tion of n-dodecanol over radioactive catalysts yielded results 
contradicting those obtained in the dehydration of cyclo- 
hexancl, dehydration of cyclohexanol over radioactive mag- 
nesium sulfate was investigated. The experiments were carried 
out in a smaller reactor heated by a vertical furnace. As may 
be seen from the following results, the yield of unsaturated 
hydrocarbons increased in this case: 


SS 
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olefin mixture, ‘° 


750 300 400 


Fig. 4. Yield of a-isomer during ex- Dehydration of cyclohexanol over MgSO, 

ternal electron irradiation, Dose 10° Nonradioactive catalyst, 0.1 g 

ev/g for 10 minutes: 1) Without ir- Temperature °C 283 348 385 425 

radiation; 2) with irradiation, Yield of unsaturated hydrocarbons,% 13 22 25 29 
Radioactive catalyst, 0.1 g 
Temperature, °C 295 350 388 425 
Yield of unsaturated hydrocarbons, 10 26 36 54 


It may be conciuded that the structure of the molecules of the alcohol, the vapors of which are adsorbed on the 


surface of the catalyst, has great significance in heterogeneous catalytic processes, particularly in those in which 
radioactive catalysts are used, 


Figure 3 presents data on the {isomerization of olefins formed during dehydration of n-dodecanol over non- 
radioactive and radioactive magnesium sulfate preparations, The results show that the isomerization process, like 
the dehydration reaction itself, takes place more slowly over radioactive catalysts, Moreover, a change in the specific 


activity of the magnesium sulfate by 2.5 mC/g has a greater effect on the dehydration of dodecanol than on the fso- 
merization of the resulting unsaturated hydrocarbons, 


As already noted, the yield of olefins is not changed by irradiation with fast electrons during dehydration of n- 
dodecanol. However, electron irradiation during the course of the reaction had an appreciable effect on isomeriza- 
tion of the unsaturated hydrocarbons; specifically, the yield of the a-isomer was appreciably lower (Fig. 4). 


Thus, when a radioactive cata!yst containing S** was used, the yield of a -isomer increased owing to a decrease 
in olefin isomerization. The action of external irradiation by fast electrons had the opposite effect. These observa- 
tions suggest that in catalytic processes in which an alcohol is dehydrated and olefins are isomerized, the surface 
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charge of the catalyst has an effect. During 6 -particle {rradiation, the surface of the catalyst is positively charg2d 
while when the irradiation is by electrons, the charge is negative. It is possible that isomerization proceeds by a 
carbonium fon mechanism 


CH, — (CH), — CH, — CH =: CH, —~ CH, — (CH;)p — CH, — Cit — 


10) —H+ 
CH; — (Cl —CH — CH, CH; —~ CH, — (CH2)¢ —CH =CH — CHs 


and the resulting positively-charged carbonium fon more readily interacts with its own hydrogen atom cn a negatively- 
charged catalyst surface. 
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The physicochemical properties of different types of polymeric substances are currently being widely studied (1,2), 


In order to establish the relationship between the semiconductor properties of chelate polymers and the atomic 
structure of the polymers, measurements of the electrical conductivity a, and the activation energy E, have been 
carried out for a series of polymers. Polychelates having seven different structures were investigated; the formulas 
of these polymers are shown in the table, aha 


Synthesis of the polymers was accomplished in general by the interaction of aqucous solutions of the metal 
acetates with equimolar alcoholic solutions of the appropriate teurafunctional organic compounds, The resulting ma- 
terials were amorphous, insoluble, infusible powders, the decomposition temperatures of which lay above 250-350". 
Special communications, to be published in the near future in "Vysokomolekulyarnye soedineniya”® ("Highmolecular 
Compounds" }, will be devoted to a more detailed consideration of the synthesis and a number of the physicochemical 
properties of these materials, 

The samples were pressed into tablets with diameters of 5-7 mm; the tableting pressure was 5000 kg/cm*. 
Electrical conductivitics were measured down to o = 10°" chm. cm~", The electrical conductivity of the polymers 
varied with temperature in accordance with the exponential relationship 


$= oe 


The results are presented in the table. As these data show, the highest electrical conductivity was obtained 
with copper polychelates having structure I, The formation of polymers having a network structure is proposed for 

this case (3, 4], and the specific electrical propertics of these substances are in good agreement with such a proposal, 
In this case, the monovalent copper atoms form linear S~Cu~S bonds, From radial distribution curves obtained from 


x-ray data on these polymers it was established that the distance between closest copper atoms in -Cu-S=C-S-Cu- 
is 5.8 A, The participation of raJicals with # -bonded carbon atoms (I, R = p-Cgifg— and I, R = p,p’-(CgHg) —) sharply 
increases the electrical conductivity of the copper polymers as compared to that of radicals with o -bonded carbons 
(1, R = —(CH;) — and I, R = —(CH, —-). The network structure of the copper polychelates p«rmits coplanarity of the 


polymer chains, which is required for conjugation of the # -bonds of the atoms in N - te and the phenylene rings, 


The electrical conductivity of these polymers also depends on the nature of the metal, For polymers having 
the structure II, the electrical conductivity decreased and the activation energy increased in the scries Co, Zn, Ni, 
According to ligand field theory, in the case of Co** the high-spin state of the transition metals dictates a tetrahedral 
(sp*) configuration of the bonds, while in the case of Ni?* a square bond configuration (sp*d) is required, X-ray struc- 
tural analysis of nickel diethyl dithiocarbamate, which in a sense is a monomeric analog of nickel polychelates having 
the structure II, confirmed that the four sulfur atoms together with the metal atoms are disposed in one plane, forming 


s 
a rectangle around it. The N - cK bonds are found in this same plane [5} Measurements of the magnetic moments, 
for polymers having structure II with R = —(CHy)—; and p,p’ established that the cobalt fon, Co**, 
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Electroconductivity of Chelate Polymers 


Compound M R 


4 4 


—(CH;)}— 1,7-10° 


on 1,5-10-* 
—(CHik— . 9-108 


P 2,5- 1,7 


For the polychelates: nickel with R = —(CH,),—and -(C,H,),—; zine with 
R= and p,p*(CeH«)s—; and cobalt with R= 
em 


6,5-10-° 4- 0.6% 
4-107 5,6-10 0,77 


For cadmium polychelates < cm“? 


ys Cut, Nit*, Zn™ 


For all polychelat 


1,9-10-™ 6,9-10-* 
1-10-% 


| 
v Fe*+, Co* 

6.10-* 2-10-* 
Na 


For »nickel, zinc, and cobalt polychelates with R = 2H—, —(CH;)—. 
poly 


\e— an H,-—; for fron with R= —.cadmium withR = 2H— 


Ni* — 


Fe* 3S: 3-104 


o-CyHy— 1-10 


For fron polychelate with R = ohm em 


— 
cm 
2,0-10°7 2,1-10° 1,9 
5,5-10°* 8,5-10-3 1,31 
1,65-10-* 4,0-108 0,22: 1,11 
3-10-* 3,5-10¢ 0,69; 3,446 
Ni** | 1,64 
0,59 
Zn* 0,78 
2 
CH;— 
ve 4,52 
=N—R— 
2,2 
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has three unpaired elecuons; this leads to a tetrahedral configuration of the Co ~S bonds (1g equal to 4.71, 4.72, 
and 4,48 Bohr magnetons, respectively) (4). The significant increase in the electrical conductivity of the cobalt 
polychelate having structure I] with R = to Ogg5 = 2.5 10° ohm. and the decrease in the activation 
energy to E = 0,22 ev correspond to a decrease in the magnetic moment to 2,58 Hg as a consequence of an increase 
in the degree of cop!anarity of the chelate nodes. The increase in the electrical conductivity of the nickel chelate 
polymer having structure II with R = —(CH)), — also corresponds to a decrease in magnetic moment to 1,11 fp as 
compared to that of the nickel compound of structure II with R= p,p'-(CsH4)—, for which yp is 2.62, The introduc- 
tion of — (C2) — radicals into the chain of cobait and nickel polymers creates more favorable conditions for the for- 
mation of square M~S bonds than does the introduction of p,p'-(C,H4) — radicals. Coplanarity of the polymer chains 
is disrupted by the formation of tetrahedral M~S bonds, while coplanarity is retained during the formation of square 
M~S bonds, and the electrical conductivity increases. 


Graphs showing log 9 as a function of 1/T for copper polychelates with structure I have two Linear sections 
with different slopes, which permits one to determine two activation energies for each polymer. The electrical con- 
ductivity of the copper compound having structure I with R = p,p’-(CgH1,)~ rapidly increased with temperature, owing 
to the high values of E, (3.44 ev) and o9=3.5° 10°* - cm“ and was equal to 0,5 - at 125°, 
Further investigations of the nature of the activation energy will allow us to determine whether the presence of Ey 
was caused by impurity conductivity, 


Copper polyrubeanate, structure JI, presents a similar picture. For polyrubeanates having M~S bonds, the 
electrical conductivity increased in the series Cu > Ni > Cd, According to x-ray data, all of the atoms of the rubeanic 
acid molecule lie in the same plane [6], The closest Cu... . Cu distance in copper polyrubeanates {s 4.6 A, — 


Geometrical analysis of polychelates of structure IV shows that the emergence of steric hindrance as a con- 
sequence of the presence of phenylene and pyridine rings disrupts coplanarity of the polymer chains, Polymers of 
this type with M = Zn** and and R = Pop’ have a lower conductivity < obm~* 
as compared to that of the polyrubeanates, 


All of the bis(dioxa) polychelates with structure V which were investigated also have a lower electrical con- 
ductivityo 10° ohm“! + em), 


It is known from structural chemistry that the extent to which the free pairs of electrons of a nitrogen atom are 
used in chemical bonds with the formation of additional P, -bonds is significantly greater than it is for oxygen atoms, 
With the formation of M—N and M~O bonds in the chelate node of the polymers, there was an increase in electrical 
conductivity for fron polychelates having structure VI, The electrical conductivity particularly increased for fron 
polymers having structure VI with R= 2H~ and VI, R = —(CH)—, for which magnetic data [7) established a tetra- 
hedral configuration of the bonds of the iron atom, This is in contrast to iron polychelates having structure VI, R= 
= —(CH)~ and VI, R= o-CgHg~, for which a square bond configuration was found, According to ligand field theory, 


- complex compounds of Fe** with tetrahedral (sp) bonds are the more stable. For the polar =C N bonds, cop- 


lanarity of the chelate nodes is not a necessary condition for an increase in the electrical conductivity of the polymers. 
The inclusion of the phenylene radical in polymer VI led to an increase in the electrical conductivity of the cad- 
mium polychelate. The electrical conductivities of bis(azaoxa) polychelates of fron and cadmium having structure 

VI were increased over those of the corresponding copper polychelates, 


The nitrogen atom (xX = 3.0) fs a more electronegative ligand than the sulfur atom (x = 2.5), and Fe* (X = 1.65) 
and Cd” (x = 1.5) fons are more electropositive than cr* (X = 2,0), Judging from literature data [8], the electrical 
conductivities of free phthalocyanine and copper phthalocyanine are about the same and are equal to, respectively, 

107° - cm“! and 5.0 - chm“! cm~*, The introduction of a more electropositive metal—magnesium 

(x = 1.2)-into the phthalocyanine monomer also leads to an increase in the electrical conductivity to 1.4 ° 10°* ohm. 
-cm™*, For our nickel, iron, and cobalt bis(diaza) pelychelates having structure VII with M~N bonds, where the metal 
fon occupies a void in the atomic structure of the polymer, an increased electrical conductivity was observed. 


This investigation of the electrical conductivity of 48 chelate polymers shows that the electrical characteristics 
of semiconductor polymers, like those of inorganic sem{iconductors [9], are determined 10 a significant extent by the 
short-range order, {.e., by the nature of the chemical bonds in the chelate nodes and in the radicals, Additional in- 


vestigations will be carried out to establish more strictly the regularities in the semiconductor properties of poly- 
chelates as functions of polymer structure. 


= 
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In spite of the cons{derable number of investigations devoted to the oxidation of phenols by peroxide compounds, 
numerous details of the mechanism of this reaction remain obscure. For example, there are divergences of opinion 
as to the participation of free radicals in this process [1, 2]. The mechanism of the reaction of peroxide compounds 
with naphthols has received still less study. 


In the present work, electron paramagnetic resonance (EDR) spectroscopy was used to investigate the action of 
certain peroxide compounds (benzoyl peroxide, dicyclohexyl percarbonate, lead dioxide, and a number of hydroper- 
oxides) on -naphthol (1) and certain of its derivatives—1,1'-bi-2-naphthol (II) and 
8,2°-epoxide (III). It was found that intermediate radical products of different structure and stability are formed during 


this reaction. 
4 
O 

(ive) 

(1m) (IVa) 
v 


II and III were synthesized by methods described in references [3] and [4], III being prepared by oxidation of 
the sd-called “quinhydrone,” which is apparently a molecular compound of the product of the dehydrogenation of I 
by silver oxide with II [4}, The investigation was carried out in the liquid phase (in benzene, toluene, and chloro- 
form solutions), The EPR spectra were taken with EPR-2 [5S] and OKBA spectrometers, and were recorded as derivative 
cu-ves with an EPP-09 recorder, 


Radicals giving a singlet spectrum with a distance of 5 oe between points of maximum slope (Fig. 1) were 
fc-med during the interaction of the peroxide compounds with I, These radicals were probably formed by removal of 
a hydroxyl hydrogen, and are stabilized by conjugation of the unpaired electron with the » -bond system of the 
naphthalene ring. Nonequilibrium concentrations of radicals arose during rapid heating of mixtures of the starting 
compounds to 100-120° with subsequent rapid cooling to the temperature of liquid nitogen, The concentrations ob- 
served were small and amounted to ~15" 1/ce. The radical concentration rapidly decreased at room temperature, 
It was not possible to resolve the hyperfine structure of the EPR spectra. 


In contrast to I, its derivatives II and III formed, under the action of the above peroxide compounds and even 
at room temperature, high concentrations of radicals which differed from the 6 -naphthoxy radicals in stability. 
The EPR spectra of the radicals obtained from II and III were identical (Fig. 2). The triplet with an intensity distribu- 
tion of 1 : 2 : 1 and separations of about 2.5 oe arose as a result of interaction of the unpaired electron with two 
equivalent protons of the naphthalene ring. The hyperfine structure of the EPR spectrum was smeared at higher con- 


_ 


centrations and in the presence of atmospheric oxygen. Upon dilution and under vacuum and also upon cooling to 
—60° (even in air), the hyperfine structure was easily resolvable, 


Fig. 1. EPR spectrum of the radical Fig. 2, EPR spectrum of radical formed by 
formed by the interaction of peroxide the interaction of peroxide compounds with 
compounds with B -naphthol, Il and Il, 


Identification of the radical formed during the reac- 
ton of II and II with peroxide compounds {is of considerable 
interest. During the oxidation of III with an alkaline solu- 
tion of potassium permanganate, Pummerer and co-workers 
{isolated compounds to which they assigned the quinol ether 
structure IVa [4] and the peroxide structure IVc [6]. Dis- 
sociation of compound VI yielded radicals which reacted 
chiefly at the oxygen atom, It was later shown that IV in 
benzene or pyridine solution gives a triplet spectrum, which 
was assigned to the stable radical V [7}, A comparison of 
the spectra obtained in the work reported in reference [7] 
and by us (Fig. 2) reversals that they are identical. The ob- 
servations reported in reference (7] contradict the results 
recently published by Rieche and co-workers [8]. These 
authors found that IV in chloroform solution gives a com- 
plex, incompletely resolved spectrum, which {s distinguished 
by its instability. In order to determine the reason for the 
divergence of the results reported in references (7, 8] and 
to obtain additional data which could aid in the identifica- 
tion of the radicals formed from II and Ill, we synthesized 
IV and studied the EPR spectra of IV and of the compounds 


Fig. 3. EPR spectrum of the impurity used in its preparation (“quinhydrone” III), 


radical in solutions of II, It was found that {in the crystalline state at room tem- 
perature the “quinhydrone” gives an intense EPR signal corre- 
sponding to a spin concentration of about 2 + 10°° spins/g. 
Solutions yielded the spectrum of a stable radical, and the spectrum was identical to that shown in Fig. 2, The in- 
tensity of the signal decreased with a decrease in temperature, 


Il was obtained during oxidation of che *quinhydrone” by the method of reference (4). It was observed that 

Il in the crystalline state gives a weak signal, The concentration of radicals in solutions of II was also low (~10" 

1/cc), and the spectrum of these radicals had a complex structure 
which was poorly resolved, especially on the sides (Fig. 3). We alo 
prepared III by a different method~by the decomposition of IV in 
Ught [4]. No signal similar to that shown In Fig. 3 was observed. 
IV prepared from II [6] gave a signal which was completely dif- 
ferent from that observed for Il, Solutions of IV gave a spectrum 
identical to the EPR spectrum of the radicals formed from Il and 
ll (Fig. 2) and to the spectrum reported in reference (7}, 


The facts presented above suggest that the EPR spectrum 
reported in reference [8] for a solution of IV (and also by us—Fig. 3) 
is due to the presence of radical impurities arising from side re- 
action during the preparation of 1V and IIL 


$109—~ Our data confirm the dineric structure of IV, The degree 

of dissociation of IV in the crystalline state at room temperature 
is only about 0.1% (spin of ~10"* spins/g), The 
equilibrium constant for the dissociation of : 
IV on reciprocal temperature. degree of dissociation sharply increases during solution; for exam~- 

ple, at a concentration of IV in benzene of 3 - 10~ g/ce, the 
degree of dissociation increases by a factor of 30 (spin concentration 
of ~3- 10 spins/g\. The degree of dissociation decreases with a decrease in temperature. We investigated quan- 
utatively the temperature dependence of the degree of dissociation over the temperature interval of -10 to 60 °C 
under vacuum; the IV was dissolved in teluene. The equilibrium concentration of radicals forrned during dissociation 
of IV was measured by EPR, In all cases, equilibrium was reached from both sides, The dissociation equilibrium con- 
stant has the form K = anna » where (R) is the equilibrium concentration of radicals and (Mg) is the initial ; 
concentration of [V molecules, Since (R) <« (M), (by three or four orders of magnitude), calculation of the equilib- 
rium constants was carried out by means of the equation K = F/O). Figure 4 shows the dependence of log K cn 
1/T, The equilibrium constant is given by the following equation: 


K = 1,8-10* exp(—16 


Cn the basis of the above material, it may be concluded thai stable radicals identical to those formed by the 
dissociation of IV are formed during the action of peroxides on II and III. In agreement with reference (7}, their 
their structure can be described by formula V, We note that there exists a great similarity between radicals V and 


BEM 


the “oxygen radicals” of Dimroth (9, 10] (but there fs no similarity with radicals of the type of 2,4,6-tri-tert-butyl- 
phenoxy] (11}, as indicated in [7]. Characteristic features of Dimroth’s radicals and of V — stability in alr, reaction 
at the oxygen atom, a dimeric structure in the crystalline state, the presence in the ortho position to the oxygen atom 
of an aromatic ring in which the protons do not interact with the unpaired electron—all of these indicate a striking 
analogy in the mechanisms of stabilization of these radicals, 


The formation of the stable radical V during the action of peroxides on II may possibly take place through an 
intermediate compound, which may be a radical or a biradical with such a short lifetime that it cannot be detected 
by EPR, The propose* presence of intermediate products of this type is confirmed by a comparison of the spectra of 
IV and VI in benzene, toluene, and chicroform, Such solutions of V1 synthesized by the method of reference (6) 
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gave a triplet Identical to that shown in Fig, 2, This same spectrum (see above) was obtained for solutions of IV, 
Such correspondence of these spectra, which was also noted in reference (7), may be explained on the basis that either 
the “central” part of VI docs not form a radical-type compound of the radical (biradical) formed fs unstable, which 
confirms the above proposal relative to the mechanism of the formation of V from II. 
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The problem of obtaining high-purity organic gases and vapors has made necessary the development of methods 
of purification of starting compounds to a level at which it is possible to neglect the presence of residual impurities 
and, further, to compare the polymerization of pyre monomers and monomers containing accurately dosed amounts of 
different impurities, Development chromatography has recently been successfully applied to the laboratory prepara- 
tion of high-purity gases and Hiquids; however, this method has the serlous drawbacks of low productivity and separa- 
tion of the components in a dilute form owing to the use of an inert gas carrier, 


The possibility of using for preparative purposes the temperature -gradient variant of chromatography, the basic 
features of which were previously investigated in our laboratory [1], was investigated with propylene {in the present 
work. A very similar variant was applied to the separation of a low-temperature mixture of rare gases in the work of 
E. V. Vargin [2], The essence of the temperature-gradient method as applied in the present work consists of the 
following: 


The mixture to be separated is fed to an adsorption column until a certain part of the sorbent layer fs saturated. 
A heated zone is then moved along the column, beginning with the saturated zone, Asa result of frequently repeated 
thermal desorption and repeated adsorption of the gases or vapors in the cold portions of the adsorption layer, a zone 
filled with the more readily adsorbed component forms at the boundary of the heated zone, In front of this zone is 
a zone coniaining a mixture of the components, and still closer to the effluent end of the column {fs a zone saturated 
with the less readily adsorbed component. As the heated zone is moved along the colunn, the intermediate zone 
shortens and, in the limit, completely disappears. Under steady state conditions, adjoining zones of pure components 
of the mixture move along the column, The formation of zones of pure components and their movement along the 
adsorbent layer proceeds by a mechanism closely similar to the mechanism cf elution analysis, 


Experimental. The laboratory apparatus used for temperature -gradient separation consisted of series-connected 
adsorption columns filled with the same or with different adsorbents, After saturation of a specific portion of the ad- 
sorbent layer with the mixture of gases to be separated, the columns were gradually lowered into a furnace heated to 
a temperature of 200-220°. Preliminary experiments showed that a temperature below 200° did not provide complete 
desorption of the propylene, Separation at higher temperatures could lead to side reactions in the heated zone, Sam- 
ples of the gas were collected at the outlet of the column during the course of the experiment; the compositions of 
these samples were determined chromatographically, An adsorption column was used for analysis for light com- 
ponents, and the heavy components were determined with a gas-liquid column, Helium was used as the inert gas 
cartier, A katharometer or an fonization detector with a Pm source [3] was used for detection of the compoents of 
the mixture. 


Coarse- and fine-grained silica gels and alumina gels of various grades and an activated carbon were used as 
adsorbents in the temperature-gradient separation. Separation of 10-20 liters of the original mixture per cycle could 
be carried out with an adsorbent volume of 1 liter and a temperature of the cold part of the column of —20 to -30°, 
The composition of the original mixture was varied over a wide range. The propylene content was varied from 25 
to 98%, and, in addition to propylene, the mixture contained different amounts of ethane, propane, ethylene, acetylene, 
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hydrocarbons boiling above propylene, sulfur compounds, and H,O, The separating ability of the adsorbents, as ex- 
pressed by the ratio of retention volumes Vp comp/ VRCH, Was first determined for mixture of propylene and one 

or another of the other components. On the basis of the resulting values of Vp rej, it was possible to select the ap- 
propriate adsorbents and the order of their disposition for the separation of propylene from a mixture of a given com- 
position, The functions of the adsorbents used for the separation of propylene are shown in the table. 


Ethylene 
Ethylene 


Ethylene 


Propylene 


Propane 
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Semple No. 1 Sampte Semple 
(Initial Mixture)’ No, 2 No, 3 


Ethylene 
Ethylene 


Propylene 
Propylene 
Propylene 


Propylene 


Ethylene 


Pro 
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Sample 
No. 4 


No. 8 


Sample Sample Sarple 


Propylene 


No. 9 No, 10 


Fig. 1. The change in the composition of the gas at the outlet of the column with an increase in the length of the 
heated zone; analysis by adsorption chromatography, 


Fig. 2. Composition of the 
last fractions (Sample 31) 
collected while heating the 
end of the column; analy- 
sis by gas-liquid chromato- 


graphy. 


Amount vf gas Amount of gas 


Fig. 3. a) Separation of propylene and hy- 
drogen sulfide on alumina gel; b) separation 
of propylene and acetylene on activated car- 


Fig. 4. Chromatogram of the 
original mixture (a) and final 
product (b); gas-liquid columa 
(left) and adsorption column 
(right). 
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Assignment of Compone.ts of Charges to Adsorption Column 


Adsorbent Impurity removed 


Activated carbon Heavy hydrocarbons (b.p. above 50°), carbon disulfide, mer- 
captans, acetylene, ethylene, ethane, hydrogen sulfide 
Silica gel Propane, carbonyl sulfide, ethane, ethylene, carbon disulfide 
Alumina gel Same + hydrogen sulfide and water 


Figure 1 shows chromatograms obtained in one of the experiments carried out with a silica gel column, These 
chromatograms show the change in the composition of the gas at the outlet of the column as the furnace was shifted 
along the column, 


It is apparent that the more poorly adsorbed components—air, ethane, ethylene, propane — were concentrated in 
the first fractions (Samples Nos, 2-8), while only propylene was observed further toward the outlet of the column (Sam- 
ples Nos, 8-30), Impurities more readily adsorbed than propylene appeared in the very last eee. of gas, which 
were desorbed by heating the end of the column (Fig. 2), 


The course of the change in impurity content of the propylene is shown in Fig. 3, where the amount of gas 
leaving the colwmnn (expressed as per cent of amount adsorbed) is plotted against the concentration of impurity (ex- 
pressed as per cent of its concentration in the original mixture). 


Figure 4 compares chromatograms obtained by analysis of a multicomponent mixture of hydrocarbons and the 
propylene separated from it by the temperature-gradient method, The sensitivity of the znalysis in a given experi- 
ment permitted us to record impurities at concentrations down to 0.01%, Through the use of a highly sensitive foniza- 
tion detector for analysis of the final product it was shown that propane, the separation of which presents the greatest 
difficulty, varicd from 0.0003-0.0004%; it other words, from an initial concentration of 75% its content can be reduced 
by hundreds of thousands of times, 


These results indicate the possibility of separating pure propylene even from very lean mixtures. 


These experiments also show that the purification coefficients are not impaired at very low concentrations of 
impurities. Apparently, the proposed variant of chromatographic separation can provide a high degree of purifica- 
tion, which favorably distinguishes it from rectification, In contrast to development chromatography, the temperature- 
gradient method combines this feature, which is generally inherent in chromatographic separation, with high produc- 
tivity and separation of the components in undiluted form. 


In conclusion, we note that the field of application of the temperature-gradient method is not Limited to the 
preparation of pure propylene, In passing, other components of the mixture, for example, propane, were separated 
in the pure state during the course of our experiments. There are preliminary data on the successful separation of a 
mixture of high-boiling compounds (benzene and cyclohexane), 
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High-molecular-weight compounds with branched, cross-linked, and three-dimensional molecules are ob- 
tained by polymerization or polycondensation of various poly functional monomers, Regardless of the reaction by 
which they are converted to polymer, the polyfunctional monomeric compounds lead to the formation of large 
molecules with an irregular structure in which the branching side chains and bridges between the major chains of 
the molecules are arbitrarily distributed. Attempts to control branching in the main chains of the molecules have 
not yet been successful. Moreover, the development of methods which would permit regulation of the order of distribu- 
uion of branches and of bridges cross-linking the main chains is of great theoretical interest. Control of the order of 
distribution and of the distances between branches in the main chains of the molecules could have an effect on those 
polymer properties which are dependent on polymer structure with insignificant changes in polymer composition, We 
have accomplished the synthesis of regular polymers with a three -dimens{fonal structure from polyfunctional oligomers 
containing monofunctional groups at the ends of branches. The synthesis of such oligomers and ‘polymers was carried 
out by means of the following reaction: 


cH, 


Chi, 


cH, 


The yield of oligomer was 90-95%, 


The organos{licon polyfunctional oligomer, which was a mobile liquid at room temperature and which con- 
tained reactive hydroxyl groups, readily condensed upon being heated at a temperature above 230°, Condensation 
of the oligomer proceeded by a stepwise mechanism with the elimination of water and the formation of polymer in 
accordance with the scheme: 


In the initial stage of the condensation, the polymer retained the property of solubility in organic solvents, but 
it lost this property upon further heating. Consequently, further condensation led to higher-molecular-weight products, 
which were formed as a result of interaction of the terminal hydroxyl groups according to: 


cH, 


_ 


“(ugha (den) 


It fs apparent from these reaction schemes that the distance between silicon atoms bonded with four oxygen atoms 

is determined by twice the number of dimethylsiloxane groups in the oligomer used for the reaction, When poly- 
condensation fs extensive, the large number of functional groups in the oligomer leads to a three-dimnens{onal poly- 
mer in which branching or the bridges between the main chains are distributed regularly, Those silicon atoms bonded 
to four oxygen atoms are also distributed at equal distances from each other. 


Polyorganosiloxanes of regular structure were also obtained by condensation of a trifunctional oligomer ac- 
cording to: 


cH, 
3HO] SIO | HO] SiO 
9-3 


du, du, 
Such an oligomer readily condenses when heated with the elimination of water in accordance with the reaction: 


GH, CH, 


In the initial stage of the condensation, the reaction product remains soluble in benzene and toluene, but it loses 
this solubility upon further heating, being converted te a cross-linked polymer: 


cH, 


A polymer of this composition {s elastic at room temperature. | 


A study of the polycondensation of a,w-dihydroxydimethylsiloxane with titanium tetrachloride revealed that 
in the presence of ammonia, a titanoorganosiloxane oligomer containing monofunctional groups at the ends of the 
branches {is formed, The reaction proceeds with the formation of a polyfunctional titanodimethylsiloxane oligomer 
in accordance with the reaction: 


CH, cH, 


HO + 4NH,Cl + (i) Th. 


H,0 

| 
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The titanium, sil{con, and hydroxyl group contents, the elemental composition, and the molecular weight all 
correlated with the tetrafunctional titanodimethylsiloxane oligomer shown in the above reaction, This compound was 
a liquid at room temperature, and was readily soluble in benzene, toluene, and other solvents. A similar reaction 
was carried out between an a,w-dihydroxydimethy siloxane containing 13 dimethylsiloxane groups and titanium 
tetrachloride, This reaction resulted in a tetrafunctional oligomer for which the composition, the amount of hydroxyl 
groups, and the molecular weight corresponded to a compound of the formula: 


Je 


This tetrafunctional titanodimethylsiloxane oligomer was 2 viscous liquid at room temperature, and was readily 
soluble in organic solvents, The experiments discussed above show that reactions of a,w-dihydroxydimethylsiloxanes 
or of the sodium derivatives of a,w-dihydroxydimethylsiloxanes with tetrafunctional compounds, such as silicon tetra- 
chloride or titanium tetrachloride, can result in polyfunctional oligomers. A two-fold excess of functional groups of 
one of the components and mild reaction conditions Limits the cevelopment of the reaction toward the formation of 
polymers, Such a course of the reaction between di- and tri- cr tetrafunctional compounds is important for the 


development of methods for the synthesis of poly functional hetezoorganic oligomers containing monofunctional groups 
at the ends of the branches, 


When heated at 150-200°, tetrafunctional titanodimethylsiloxane oligomers condense with the elimination of 
water {n accordance with the reaction: 


The polymer formed in the initial stage of the condensation {s soluble in benzene, toluene, and other organic 


solvents, Further heating leads to cross-linking of the polytitanodimethy lsiloxane through condensations of the hy- 
droxyl groups according to: 


-[ro(de) 


Two polymers were prepared by means of this reaction—a polytitanodimethy siloxane in which the distance be- 
tween titanium atoms was 18 dimethylsiloxane groups and a polytitanodimethylsiloxane with 26 dimethylsiloxane 
groups between titanium atoms in the chain of the polymer molecule. These polymers were elastic at room tem- 
perature. 


The reactions presented above for the synthesis of heteroorganic polymers of regular structure show that the 
structure of larger network and three-dimensfonal molecules can be controlled by changing the number of atoms 
and groups in the branching of the polyfunctional oligomers, The cross-linked polymers are cyclic structures with 
a constant number of units in a ring. These experiments show that the physical properties, for example, the elasticity, 
of cross-linked regular polymers change sharply with an increase in the number of units in the ring. The polytitano- 
dimethylsiloxane in which the distance between titanium atoms was 26 dimethylsiloxane groups was, when cross- 


| | 
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linked, a highly elastic polymer at room temperature, Polymers with a low number of dimethylsiloxane units be- 
tween titanium atoms were brittle at room temperature, 


At the present time, reactions by which polyfunctional oligomers are converted to three -dimensional polymers 
of regular structure are being studied, and the dependence of their properties on chemical composition and on polymer 
structure {s also being studied, 


EXPERIMENTAL 
1. Synthesis of polysiloxydimethylsiloxane, A solution of 0.16 mole of a ,w-dihydroxydimethylsiloxane di- 


sodium derivative NaO to] Na in benzene was heated to 40-60°, and 0,04 mole of silicon tetrachloride in ben- 

zene was added with stirring. The precipitated NaCl was separated, and the mixture was neutralized with 80% acetic 
acid. The sodium acetate was separated by centrifugation, The benzene was distilled under vacuum, The resulting 
tetrafunctional titanodimethylsiloxane oligomer was purified with adsorbents and analyzed. The oligomer was con- 
densed by heating at 120-150*, during which water was eliminated, and the viscosity of the reaction product increased. 
The resulting polymer was soluble in benzene and toluene during the initial heating, but it was later converted to an 
insoluble and infusible product. 


ch, .. 
Found %: C 29,80, 29.65; OH 4.97; Si 37.4, 37.0; H 7.72, 7.91. uoiSioy,, si Calculated %: C 30,0; OH 5.3; 


Si 37,18; H 7.8 
The molecular weight was 1252-1258, 
2. Synthesis of polyphenylsiloxydimethylsiloxane. To a solution of 0,12 mole of a,w-dihydroxydimethyl- 


cH, 
siloxane 10 [2] in benzene was added 0.03 mole of phenyltrichlorosilane in benzene. Dry ammonfa was 


passed into the reaction mixture during addition of the phenyltrichlorosilane. The precipitated ammonium chloride 
was separated by filtration, and the benzene was vacuum distilled from the filtrate. The resulting oligomer was con- 
densed to polymer by heating at 130-150°, The polymer was soluble jn benzene in the initial stages of the condensa- 
tion, but further heating converted it to an insoluble and infusible compound, 


Found %: C 35.44, 35.51; Si 37.91, 37.98; H 3.18, 3.21; OH 2,31, 2.42. CegSigglty79039. Calculated %: C 35.19; 
Si 38.31; H 3.03; OH 2.49, 


The molecular weight was 2146, 


3. Synthesis of polytitanodimethylsiloxane. To a solution of 0.24 mole of a,w-dihydroxydimethylsiloxane 
in benzene, heated to 50-60", was added a benzene solution of 0.06 mole of titanium tetrachloride; gaseous ammonia 
was passed into the reaction mixture during the addition, The ammonium chloride was removed by filtration, and 
the benzene was distilled, The resulting oligomer was filtered and condensed to polymer by heating at 150-180°, 


Found %: C 32.20, 32,84; Ti 1,18, 1.24; H 1,87, 8.15; ON 1.71, Calculated C 31,4; 
Ti 1.24; H 7.96, 


The molecular weight was 3920, 
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During a study of the kinetics of the solution of uranoso-uranic oxide in ac.Js (1) and an investigation of the 
equivalence of the uranium atoms in this oxide, we observed the following interesting phenomenon, 


It is known that uo,?* and U* fons are formed in a ratio of 2 : 1 when uranoso-urante oxide dissolves com- 
pletely in acids in the absence of an oxidizing agent. It has been found that predominantly hexavalent uranium goes 
into solution in the initial stage of the process, The ratio of the amount of uranium (V1) to uranium (IV) fn the resulting 
solution many times exceeds the 2 : L ratio. It should be remarked, however, that during the time these investigations 
were being carried out, articles by Spitsyn, Nesmeyanova, and Kanevskil [2] and by Nesmeyanova and Alkhazashvill 
(3j appeared in which observation of a simflar phenomenon occurring during the solution of UsO, in H,SO, was reported 
and in which a few numerical data were cited, 


We have carried out a detailed investigation of this phenomenon, The solution of two different samples of 
uranoso-uranic oxide of a high degree of purity was studicd in sulfuric, perchloric, and acetic acids, The experi- 
ments were carried out as follows: A weighed sample of UO, powder was introduced into a solution of the acid, So- 
lution of the oxide was carried out in an atmosphere of CQ, at constant temperature, which was maintained with a 
precision of 1°C, After a predetermined time, the resulting solution and a part of the residual powder were analyzed 
for U(IV) and U(VI) contents. When necessary, the undissolved powder was transferred to a new porticn of acid, and 
solution was carried further. The U(IV) content of each of the resulting solutions was determined by titration with 


KMnQ, solution, The total content of U(VI) and U(IV) was determined by precipitation of ammonium diuranate and 
subsequent calcination to 


Part of the powder collected for analysis was dissolved coimpletely in sulfuric acid in an atmosphere of CQ, 
and the content of uranium (IV) and uranium (VI) was determined by the same route, 


TABLE 1 


Amount of | Solution Time from Amount of | Ratio U(VI): 
Acid concentra- | acid taken | temperature, initiation of so4 oxide dis- : U(IV) in so- 
tion for expt., . lution to col- | solved, % of | lution 

ml lection of sam-| initial sam- 
ple, min. ple weight 
2M H,SO, 20 100 3 76:1 
11, 7M HC10, 10 390 10 20 60:1 
1,7M CHs;COOH 10 200 40 13 >300 :1 


Table 1 presents the conditions used in a series of experiments and values of the ratio of uranium (VI) to 
uranium (IV) going into solution in the initial stage of the process, 


Thus, in the initial stage of the solution of UsOg in sulfuric and perchloric acids, the ratio of the amount of 


U(VI) to U(IV) going into solution was higher than the 2 ; 1 ratio by a factor of 30 to 40, while in acetic acid this 
factor was 150, 


TABLE 2 Table 2 presents the ratios of the arnounts of U(VI) 
and U(IV) going into solution in different time intervals, 
A 390 mg sample of UO, was used in this experiment, So- 
lution was in HC1O, at 90°, We evaluated the error in the 
values of the U(V1) ; U(IV) ratio cited in the tables as 

+ 5%, It is apparent from the data of Table 2 that in that 
experiment the ratio of the amounts of U(VI) and U(IV) in 
the solution reached a value of 1 : 1 two hours from the 
beginning of the solution process, It remained unchanged 
from that time to the end of the process, 


Time from initiation 
of solution, min. 


Ratio U(VI) ; U(IV) in 
solution 


10 59:1 
20 8.7:1 
35 2.3 :1 
55 1.2:1 
120 


We did not carry out a systematic determination of 
the ratio of the amounts of U(VI) and U(IV) in the residual 
undissolved powder. A number of separate experiments in which UsO, samples were dissolved in acids gave the fol- 
lowing values of U(VI) : U(IV) in the undissolved residue (in order of decreasing ratio): 1.85, 1,82, 1,60, 1.55, 1.44, 
1.32, 1,10, and, finally, 1,00, 


Particular attention was given to a study of the ratio of U(VI) to U(IV) in the solution and the residue obtained 
in the final stage of the process. Table 3 presents the ratios obtained after a 1 : 1 ratio had been established both in 
the solution and in the residue. 


TABLE 3 


11,7 M HClO, 


Time after 1 : 1 ratio UVI: UIV 
was established, 


9.5 M H,SO, 


Time after 1 : 1 ratio 
was established, 


UVI UIV 


min. 


in solution 


in residue 


min, 


in solution 


in residue 


20 
40 
70 
130 


not det. 
0.98 
0.96 
1,02 


1,00 
1.03 
0.98 
1,01 


not det. 
0.96 
0.95 


1.01 
0,98 


It is apparent from these data that as U;Og dissolves in acids, a product with a U(VI) to U(IV) ratio varying from 
2:1to1:1 is formed in the residue, After a 1 ; 1 ratiz is attained, further solution does not change the composition 
of this product. This substance is a dark powder with a violet hue. When the powder {fs dried in air, the color of the 
powder changes to a gray-green, and the ratio U(VI) : U(IV) approaches 2 : 1. In water saturated with CO,, the sub- 
stance retains the 1 : 1 ratio for 48 hours. It should be noted that during solution of UO, in nitric acid, the ratio 
U(VI) : U(IV) in the residual powder remains 2 : 1 during the entire process. 


Discussion of results. These results show, first of all, that the uranium atoms in U 30g are not equivalent, It fs 
difficult to find another explanation for the change in the ratio of U(VI) to U(IV) in the solution and residue resulting 
from the reaction of U;Og with acids, It was noted above that with complete solution of UO, in, for example, H,SO,, 
the ratio of U(VI) to U(IV) in the resulting solution is always 2:1. This fact provides a basis on which to assign to 
uranoso-uranic oxide one of the formulas: UO, * 2UO, or UO, * U,05. Magnetic and neutron diffraction measure- 
ments [4, 5] have supported the formula UsO0 + U,0;. The results of x-ray structural measurements [6] have been more 
in favor of an equivalence of the U atoms, which is not in agreement with either of these formulas, 


Our data provide a basis for the assumption that the product of the solution of UsOg in acids at the end of the 
solution processis U,O;, which is possibly a pentavalent uranium compound. When it dissolves in acids, the U(V) 


must disproportionate into uranium (V1) and uranium (IV) in a ratio of 1 : 1, which is in complete agreement with 
the results of our investigations, 


On the other hand, this product, f.e., the U,0;, may be a compound of, for example, the type UO, » UQ, rather 
than a pentavalent uranium compound, Upon dissolving in an acid, the molecules of such a compound would also 


give a ratio of U(VI) to U(IV) of 1 : 1, Then U0, could be a compound of the type UQ, + UO, + UO,, for example. 
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On the basis of the available data, preference should possibly be given to the formula UO, - U,0;. However, 
it {s evident that a final answer to the question of the structure of U;Og will be obtained only after a study of the 
chemica! properties and structure of U,Og, It is important to note that regardless of the structure of the original U,O, 
molecules and of the resulting U,Og, the latter reacts significantly more slowly than does the original UO, molecule. 
Therefore, investigation of the chemical reactions of U,O, must be carried out taking this into account. 


In conclusion, it may be proposed that the pecullar course of the reaction observed during the interaction of 
U 30, with acids is characteristic of many chemical compounds, It is almost obvious that oxides, sulfides, and other 
compounds of varfous metals in which the metal atoms can assume different valence states should react similarly in 
certain cases, It {s possible that similar behavior will be observed in, for example, basic and double salts and also 
in other classes of compounds. 
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Homolytic reactions can proceed by two different mechanisms —by means of free radicals or through the for- 
mation of a reaction complex, the decomposition of which yields the reaction products without the participation of 
free radicals. A choice between these two mechanisms {s attended by considerable difficulty, and up to the present 
has required Investigation of each individual reaction from different directions, 


The present paper describes a variant of the {sotope method in combination with mass spectrometry which 
facilitates this selection and which permits a simpie answer to the question of the mechanism of homolytic reactions 
in which compounds with phenyl radicals take part. The reactions were carried out in a medium of benzene which 
consisted of a mixture of the {isotopic varieties Cy Dg and C,H, (with small amounts of C,D,H, etc., but con- 
taining no C,H,D) of in a medium of cyclohexanes CgDy and CjHg. Samples of the solvent taken before and after 
the reaction and the reaction products were analyzed by mass spectrometry [1] to determine the amounts of molec- 
ular varieties containing one, two, thrce, etc, deuterium atoms, From 0,5 to 1 mole of substrate per mole of solvent 
was used In these experiments, 


It was found that when the reactions were carried out {a a medium of C.D + Cglg, photolysis of fodobenzene, 
both in the presence and in the absence of copper, and thermal decomposition of benzoyl peroxide both lead to the 
appearance in the benzene solvent of GHD, which was absent prict to the reaction, When carried out in the GDy + 
+ C.Hg medium, these same conversions led to the appearance in the solvent of CH;D and C.Hg, neither of which 
were present in the original cyclohexane.° ° 


Considering that a free radical mechanism has been well established for the photolysis of fodobenzene [2, 3) 
and for the thermal decomposition of benzoyl peroxide [4] and that the behavior of C.Hs free radicals should not 
depend on the source from which they are formed, it is quite believable that all other reactions in which these radicals 
take part will also lead to the appearance of previously absent CgH;D molecules, when the reaction {s carried out in 
a medium of CgDg + GH, and to the appearance of C,HsD and CgHg molecules, when the reaction {s carried out in 
a medium of CsDpy + GHg. The reason for the appearance of the CsH,D molecule may be the reaction: 


+ GD, -+C,D3, (1) 


the occurrence of which has been proposed previously (see, for example, (3, 6, 8, 11]), or it may be the reaction of 
C,Hs radicals with hydrobipheny! formed by the addition of a phenyl radical to benzene: 


DD Dp (2) 


* The benzene and cyclohexane were prepared by mixing highly deuterated and Light varieties of the two substances, 
** Control experiments showed that C,H,D and C,H, were not formed during irradiation of CgDg + CcHy of of CoH + 
+ C.Dg with ultraviolet light, either in the presence or in the absence of copper. 
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and also a reaction with cyclohexane analogous to (1): 


The reason for the appearance of the CgHg molecule fs apparently a reaction analogous to (3) with CgHg and 
with other reactants or products of the reaction under investigation, On the contrary, for reactions taking place in a 
reaction complex it is impossible to expect a phenyl group from the complex to be able to extract hydrogen from 
benzene or cyclohexane with the formation of CgH,D and C,H, 


We propose to use this distinction between free radical processes and processes taking place through the forma- 
tion of a reaction complex to distinguish between other reactions of these two types, An investigation of the thermal 
decomposition of benzenedizzonium chloride and fluoborate, the mechanism of which is as yet obscure (5), showed 
that when these reactions are carried out in a medium of C.D, + C,H,, the C;H;D molecule is not present in the sol- 
vent remaining after the experiment, and when the reaction {s carried out in a medium of C,Dpy + GHy, the solvent 
remaining after the experiment does not contain CgH;D or CgHy molecules, Hence, it follows that these reactions do 
not proceed by a free radical mechanism, 


A similar conclusion with respect to the thermal decompostion of the binary salt (CH;N,),ZnCl, was reached 
in reference [6] by means of another variant of the isotope method, Moreover, the thermal decomposition of 
CelHsh:BF, apparently does not proceed through C,Hs* fons, since these fons, by analogy to Alk* fons which extract a 
hydrogen from Alk~H molecules [7], should extract deuterium from C.D, and CgsDy molecules giving C,H.D, and this 
does not occur, Therefore, both of these diazonium salts decompose in a reaction complex, Isotopic analysis of the 
products of these reactions confirmed the conclusions reached on the basis of analysis of the solvent and clarified 
certain {important details of the mechanism, 


Bipheny] obtained from photolysis of fodobenzene or from thermal decomposition of benzoyl peroxide in a 
medium of CgD, + Celi, contained less deuterium than would be expected if the biphenyl was formed solely by the 
reaction: 


but it had almost the same ratios of fsotopic varieties, containing five, four, and three deuterium atomis,as the ben- 
zene solvent after the reaction, Consequently, the biphenyl was formed by two routes — by reaction (4) and as a 

result of recombination of two light C,H,” radicals in the photolysis experiments (probably on the surface of the copper) 
or as a result of the interaction of these radicals with unreacted benzoyl peroxide (und also, apparently, by intra- 
molecular decomposition of the benzoyl peroxide). Analogous results were obtained in the work reported in refer- 
ences (3, 8, 9] by means of another variant of the fsotope method, c 


The biphenyl obtained by thermal decomposition of benzenediazonium fluoborate in a medium of CgDg + CH, 
contained the amount of deuterium which would be expected on the basis o; its formation by combination of phenyl 
radicals from the diazonium salt and solvent. The ratio of forms with five, four, and three deuterium atoms to this 
form cortesponded closely to the analogous ratio in the original benzene, The fluorobenzene contained no deuterium, 
This is the product composition which would be expected ff the reaction proceeds through a reaction complex with- 
out the formation of C,Hs radicals (or CzHs* fons), which once again confirms this mechanism, In biphenyl obtained 
by thermal decomposition of benzenediazonium chloride in a medium of CgDg + CgHg the ratios of forms with five, 
four, and three deuterium atoms also corresponded to these ratios in the original benzene, but the biphenyl contained 
an increased amount of the form CgHs — CgHs, which indicates that this substance was formed not only by combina- 
tion of phenyl radicals from the salt and the solvent, but also by combination of phenyl] radicals from the diazonium 


alt alone. 
We also studied the oxidation of benzene consisting of C.D, and C,H, with chromyl chloride (CrO,Cl,), Three - 


fourths of the original amount of hydrocarbon was oxidized in this experiment, The isotope composition of the un- 
reacted residue is shown in Table 1, which serves as an example of our isotope analyses of the benzenes, 


The data of Table 1 show that the benzene remaining after the experiment contained a significant amount of 
C,HsD molecules, and, therefore, the reaction has a free radical mechanism,” 


* Another possible explanation of the appearance of CsHsD molecules fs isotope exchange between light and heavy 
benzene catalyzed by HCI formed during the reaction, That this explanation does not apply was shown by control 


TABLE 1, Example of Isotope Analysis In considering the data of Table 1, it {s necessary to remember 
of Benzene that a reaction leading to the appearance of Cgl1,D molecules (for 

; example, reaction (2) ) {s not the sole route for conversion of C.Hs 
Isotopic ' Content in radicals, Such a reaction competes with the interaction between 
variety CHs and CrO,Ck and with reaction (4). Therefore, the yield of 
CsHsD molecules fs relatively small, 


The reaction between metallic magnesium and fodobenzene 
in a medium of C;D, + CgHg, carried out by heating the reaction mix- 
ture, gave results indicating a free radical mechanism ~the benzene 
distilied from the reaction mixture (benzene a) contained C,H;D 
molecules, Vacuum distillatior of the residue remaining from di- 
stillation of the benzene gave biphenyl (biphenyl a) containing less 
deuterium than would be expected if it were formed caly by reac- 
tion (4) but with a ratio of amounts of forms containing five, four, 
and three deuterium atoms close to that in the benzene after the 
reaction, The residue remaining from distillation of the biphenyl, after treatment with water, gave a new portion 


of benzene (benzene b) which contained no deuterium and a new portion of bipheny! (bipheny] b) which contained 
almost no deuterium, 


wil 40,640,5 | 49,040,6 


These data can be explained as follows: The reaction of magnesium with C,H] gives CgH,Mgl with the inter- 
mediate formation of CgHs” radicals, which extract deuterium from the medium with the formation of C,H;D, Bi- 
phenyl a is formed by two different routes—by reaction (4) and by the reaction: 


CgHsMgl+ -» CoHs — CoHs +- Male. 


Benzene b arises through the interaction of water with CgH;Mgl which did not react with the fodobenzene, The ab- 
sence of deuterium in this biphenyl indicates the absence of isotope exchange between CgHsMgl and C,Dg under the 
conditions of the experiment (such an exchange was not observed in the work reported in reference [13], Finally, 
biphenyl b is probably formed according to : 
+C,H,: 


We also studied the Wurtz-Fittig reaction between 2.25 g of iodobenzene and 0.5 g of metallic sodium in a 
medium of 1,13 g of CcDg + CcH;; the reaction was carried out in the cold. The results of isotope analyses of the 
benzene after the reaction and of the resulting biphenyl are compared in Table 2 with the fsotope composition cal- 
culated for the case of statistical distribution of the deuterium over all fsotopic varieties of these two substances, 
The calculation was carried out by means of Brodskii's formula [10], These data show that both the benzene and the 


biphenyl obtained in this reaction have an isotope composition almost precisely corresponding to a statistical distribu- 
tion of deuterium, 


Considering that our experiments on the photolysis of fodobenzene and on the thermal decomposition of ben- 
zene peroxide in a medium of CgDg + Ct, chowed that the deuterium distribution in the benzene is far from statistical 
in radical processes, the above results cannot be explained by a radical mechanism for the Wurtz-Fittig reaction. 
They are readily explained by the assumption of the intermediate formation of phenylsodium, for which rapid {so- 


topic exchange of hydrogen for deuterium in the heavy benzene is very probable [11], The reaction can be represented 
as follows: 


CgHigl + 2Na—> Nal 


C.HsNa + - heavy + heavy C,H, (both with a statistical distribution of deuterium), Heavy + 


+ CcHsl -» heavy CgHs—C,Hs + Nal. Such an fonic mechanism was the basis for the more indirect data reported by 
Razuvaev 


experiments carried out under co2ditions more vigorous than those of the original reaction. The significance of the 
participation of C,H," radicals for an understanding of the mechanism of the Etard reaction will be discussed in another 
paper. 


1038 


| 


TABLE 2, Isotopic Composition of Benzene and Biphenyl Obtained by the 
Interaction of CcHsI with Sodium in a Medium of CgDg + Cell, 


Isotopic {Content [Content . |Content 
in Calcu- |ivariety |inresult-| Caleu 
al ben- i after| lated, of bi- _ iting bi- 


zene, % expt. , % % 


| | 


p, at.% | 6,240.36 | || at.% | 3,740.13 | 


The nonradical mechanism for the Wurtz-Fittig reaction was confirmed by carrying {t out in a medium of 
CsDy + GHg — the solvent remaining after the experiment did not contain C,H,D, but did contain CgH, (probably 
formed by the reaction 2CgHsNa -» CgH Nag + (12). 


In conclusion, it may be remarked that the method proposed in this paper not only permits distingulshing of 
reactions in which phenyl free radicals take part, but also makes it possible to clarify mechanistic details which 


escape notice In studies by other methods, The proposed method can apparently be widely used in investigations 
of various homolytic processes. 


Our thanks are due Acadeinician of the Academy of Sciences, UkrSSR, A, I, Brodskif for assistance in the work, 
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The question of the form in which water {s present in the chlorophyll molecule {s of considerable interest for 
an understanding of the mechanism by which this pigment acts as a sensitizer in the photosynthesis process. It has 
been considered that the chlorophyll molecule {s hydrated and has the composition, in the case of chlorophyll a, 
Css gOsN Mg 1/21,0 [1] 

The hypothesis of direct interaction between chlorophyll and water during photosynthesis is connected with the 
concept of the hygroscopic nature of tie pigment. It is known that the hygroscopic nature of chlorophyll prepara- 
uions depends to a significant extent on the presence of contaminants having a Lipoid nature. The Mterature in- 
dicates that it is possible to prepare dry chlorophyll [2]. In addition, the opinion has existed that chlorophyll possesses 
zeolitic properties, i.e., the ability to add and lose water reversibly 3} 


The questions of the extent to which pure preparations of chlorophyll are hydroscopic and of whether the water 
is present {na stoichiometric ratio can be answered only on the basis of new experimental data, The error of the 
methods employed in an experiment of this method must be less than one per cent, since the presence of 1/2 mole 
of H,0 per mole of chlorophyll corresponds to 1% by weight. 


Che of us has shown comparatively recently that carefully purified and dried chlorophyll preparations contain 
not more than 0.6% moisture [4]. Data on the isotopic exchange of hydrogen atoms in chlorophyll for deuterium atoms 
in D,O showed that hydrogen — deuterium exchange takes place slowly [5, 6]; at the end of a day at 25° the extent 
of exchange was 20% calculated on the exchangable hydrogen atom, If it is assumed that the observed exchange takes 
place at the expense of hydrogen atoms in water bound to the } ctihoraphytl molecule in stoichiometric ratio, then in 
our case (6) the percentage exchange would corzespond to 10 +—-10~ mole of exchangable water. 


In light —_In the dark 


Number of moles vf D,O per mole of chlorophyll. 3.3 ° 107 3.6 + 107 


Comequently. the isotope-exchange data indicated either the absence of water in the chlorophyll molecule 
(less than 107 mole) or the absence of labilely bound water. Hence, it could be assumed that the strongly bound water 
was less than 0.6% by weight. Refinement of the method for quantitative analysis of chlorophyll by a determination 
of the magnesium in a weighed sample of chlorophyll with Trilon B caused us to revise downward, to 0.4%, the possible 
water percentage inthe chlorophyll molecule, 


In connection with the above, the possibility of determining the nature of the water in chlorophyll by a study 
of the infrared absorption spectra of the pigment is of great interest. The sensitivity of the infrared method with 
respect to the absorption of water {is about 0.1%, 


Preparations of chlorophylls a, a + b, and b separated from nettle (Urtica urens) by a previously described meth- 
od were used [7] in this work. The purity of these chlorophyll preparations was 99,9 0.4 %, as determined by mag- 
nesium and nitrogen analyses. 
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Infrared absorption spectra were obtained for solid films of chlorophylls a, a + b, and b, prepared by evapora - 
tion of the ether solutions on sylvite plates, and also for tablets prepared by pressing mixtures of the pigment and 


potassium bromide, A UR-10 double-beam spectrophotometer (Zeiss, Jena) was used to obtain spectra in the region 
from 3700 to 700 cm, 


3600 3600 3200 3000 2809 


I I 


Fig. 1. Absorption spectra of a solid film of chlorophyll a: 1) Before 
evacuation; II) after evacuation at 5 « 10-*-10-* mm Hg and heating 
at 55-60"; 111) 10 hours after admission of air. 
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Fig. 2, Absorption spectra of a solid film of chlorophyll b: 1) Before 
evacuation; II) after evacuation at 5 - 10 — 107* mm Hg and heat- 
ing at 55-60°, 


Absorption 


It {s very difficult, at the present time, to Interpret completely the complex vibrational absorption spectra of 
chlorophyll and its derivatives, Nevertheless, among the reliably interpreted vibrational bands, we may note the ab- 
sorption bands lying in the region from 3650 to 3200 cm~ (the region of OH group valence vibrations) and those lying 
fn the region from 18C0 to 1600 cm™ (valence vibrations of the C = O- and C = C-bonds (8). 


A broad asymmetric absorption band in the region from 3600 to 3200 cm! was present in the spectra of solid 
chlorophylls a, a + b, and b, and the intensity of this band increased from chlorophyll a to chlorophyll b. It had 
previously been proposed [9] to assign this band to absorption by liquid water hydrogen bonded to nitrogen atoms of: 
the pyrrol nuclei of the porphyrin ring. In this connection, it seemed of interest to determine the strength of this 
interaction by determining the ease with which the water bound in the pigment {s removed, Solid films of these pig- 
ments were placed in a vacuum cell and pumped at high vacuum (P = 5 - 10*-10-* mm Hg), both at room temper- 
ature and with continuous heating at 55-60°, for a period of one-and-a-half hours, Vacuum treatment of the chloro- 
phyll a film at room temperature led to partial removal of the bound water, as indicated by a decrease in the ab- 
sorption at 3500 - 3200 cm“ and the appearance of a small structure in this region (Fig. 1), Further pumping of this 
same film at elevated temperature caused practically complete disappearance of absorption in the region from 3500 
to 3200 cm, which corresponds to complete disappearance of the water, and a distinct narrow band appeared at 
3495 cm“, which can be interpreted as absorption of the OH of the enol form of the cyclopentane ring bonded by 
intramolecular hydrogen bonding to the ketone group at Cyp (Fig. 1), Admission of air to the cell immediately caused 
slight diffusion of the band at 3495 cm™ on the low-frequency side, and prolonged residence of the pigment in air 
(up to 10 hours) led to practically complete restoration of the initial intensity of the absorption in the above region 
of the spectrum, 
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No appreciable change in absorption was observed in similar experiments carried out with films of chlorophyll 
b (Fig. 2 


Vacuum treatment of the film of chlorophyll a + b resulted in only a ma decrease in the intensity of the ab- 
sorption and the appearance of an appreciable peak in the region of 3500 cin“, Consequently, the water in chioro- 
phyll b is significantly more strongly pee to the pigment molecule, Similar reversible changes in absorption also 
took place in the region of 1800-1600 cm“, In the spectra of solid films of chlorophylls a and a +b there were four 
bands, which can be interpreted as follows 9, 10): 


1735 Valence vibration (C = O) at Cz and Cy 


In the spectrum of chlorophyll b there was, in addition, another band with a frequency of 1690 cm“ 1 which fs 
apparently assignable to the (C = O) of the aldehyde group. 


Vacuum treatment of the pigment films caused the following changes in this region of the spectrum: Pumping 
to 5 * 10° mm Hg at room temperature for an hcur and a half led to a small decrease in the intensity of the bands 
at 1665 cm“! (C =O, H-O-) for chicrophyll a and 1675 cm“! (C = O. H-O-) for chlorophyll a + b. Pumping 
at 55-€0° led to a further decrease in the intensity of these bands and also to a slight increase in the absorption in 
the 1700 cm™ region {C = O at Cy) (Fig. 1). Admission of air eliminated this change in intensity of the bands. 


Vacuum teatment of the chloropliyll b film caused no appreciable change in this region of the spectrum (Fig. 2). 


Thus, the reversible changes in absorption in the regions of 3600-3200 cm™ 1 and 1700-1600 cm™, and alsothe 
appearance of the narrow band with a frequency of 3495 cm“ indicate the poesia 1) Chlorephyll a and chioro- 
phyll b exist partially in the enol form (Sands at 3495 cm? - vy (OH) and 1600 cm v(C = C)), and the intensity 
cf the band st 1610 cm” is greater for chlorophyll a than for chlorophyll b. 2) Apparently, a possible site for the ad- 
sorption of water by chlorophyll a is the oxygen atom at the cyclopentane ring (reversible changes in the absorption 
bands at 1665 cm™ fa (C=O... H-O-) and 1690 cm “! for (C = O) at Cy; 3) The lesser effect in the case of 
chloropiyll a + b is due to the presence of the b component, for which no changes in the absorption was observed. 

4) We assume that the molecule of water is more strongly bonded to chlorophyll b and, possibly, that the nature of 
the interaction is different; this could be caused by the presence of the aldehyde group in the molecule of this pigment. 


It {s probably not proper to speak of the stoichic netric inclusion of 1/2 mole of #30 in chlorcphyll. 


In connection with the established fact of the difference in the forms of the water in chlorophylls a and b, it fs 
interesting to note the difference in the abilities of these chlorophylls to form microcrystals during separation of the 
pigments from aqueous sclutions (11, 12}, It is known that amorphous preparations separate from anhydrous solutions, 
and this was confirmed by x-ray data for our preparations of chlorophylls a and a +b, 


The addition of water and evaporation of the aqueous solutions gave chlorophyli a with a crystalline structure, 


but this did not occur with chlorophyll b, Whether water enters into the crystal structure of chlorophyll a {s a question 
which fs still open. 
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Polyorganosiloxanes, which as a class Includes polydimethylsiloxane, have a number of structural peculiarities 
as compared to hydrocarbon polymers, These pecullarities can cause substantial differences in the mechanism of 
thermal oxidation of the polymers. Among these peculfarities, the following are the most important: in polyor- 
ganosifoxanes, the carbon and hydrogen occur only in side chain, and the main chain consists of highly polar 


-S{ - O- units; the hydrocarbon groups are separated from each other by these units; the silicon atom, which {s elec- 


tropositive relative to the carbon atom, exert a strong influence on the electron density in the side chain (1, 2}. These 
factors are especially substantial in polymers with very short side chains, e.g., methyl groups. 


There are very few data in the literature relative to the regularities involved in the thermal oxidation of poly- 
dimethylsiloxane. It is known that when this polymer is heated at temperatures above 200-250" in the presence of 
oxygen, oxidation of the methyl groups takes place leading to 
cleavage of tne methyl groups and cross-linking of the polymer; 
destruction of the main chain also takes place accompanied by 
the evolution of low-molecular-weight cyclic polydimnethyl- 
siloxanes [3-5]. It has been proposed that oxidation of the methyl 
groups takes place by a free radical mechanism through the for- 
mation of hydroperoxides (4, 5]; however, this point of view finds 
no basis in either experiment or theory. The formation of cyclic 
polydimethylsiloxanes takes place not only in oxygen, but also in 
an inert atmosphere, and it is strongly accelerated by the presence 
of acidic and basic promoters [6-9], It has been proposed that the 
chain-destruction process proceeds by an ionic mechanism under 
vacuum (8}, The question of how oxygen affects this process is 
still unanswered. 


§ 


7 ? ] 4 tiours The present paper reports on certain important features of 
the thermal oxidation of polydimethylsiloxane elastomer. A 
Fig. 1. Dependence of the rate of cleavage purified high-molecular-weight fraction of polydimethylsiloxane 
of methyl] groups at 280° on thickness of the rubber (viscosity molecular weight of about 900,000) was selected 
film. Film thickness in mm: 1) 0,1; 2) 0.25; as the object of the present investigation. A method and apparatus 
3) 0.45; 4) 0.6; 5) 0.95; 6) 1.6. Broken line for the determination of the total amounts of carbon, hydrogen, 
0.6 mm film after grinding. and silicon in the compounds evolved from the rubber during 
oxidation were developed for this study of the cleavage of methyl 
groups and evolution of organosilicon compounds, Basically, the 
method {s as follows. Carefully purified O, is passed at a constant rate (40 4 1.5 ml/minute) through the reaction 
vessel containing the oxidizing polymer where it entrains the reaction products and carries them to the combustion 
zone where they are oxidized completely to H,0, CQ), and SiQ,, The H,O and CO, are determined from the in- 
crease in weight of Pregl absorption tubes packed with anhydrone and ascarite [10], and the SjQ, {s determined from 
the weight increase of the specially constructed quartz tube in which the combustion {s carried out. The amount of 
of organosilicon compounds evolved, based on the polydimethylsiloxane, was calculated from the weight of SiQ, 


Number of CH; groups cleaved per 


160 monomer units 


— 


collected. The number of methyl groups cleaved was calculated from the difference between the amount of carbon 
in the total volatile material and that in the volatile organosilicon compounds, When the experiment was carried 
out in a stream of nitrogen at a temperature of about 950°, partial pyrolysis of the organosilicon compounds evolved 
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Fig. 2. Change in the infrared absorption spectrum 
of a film of about 1 pw thickness covered with an 
0.5 mm film after oxidation in air at 300° (NaCl 
prism). 1) Initial; 2) after 6 hous; 3) after 14 
hours. 
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Fig. 3. The effect of oxygea on the evolution of 
low -molecular -weight organosilicon compounds 
at 278°(gas rate 40 ml/minute). 1) Q); 2) tech- 
nical nitrogen (0.5% O,); 3) nitrogen purified with 
ammoniacal NHl (containing copper turnings). 


from the polymer took place in the quartz tube; at the con- 
clusion of the experiment, these pyrolysis products were 
burned to SiO, in a stream. of oxygen. 


During an investigation of the effect of thickness of 
the sample on the cleavage of methyl! groups in a stream 
of Q, at 250-300", an anomalous phenomenon was observed — 
the rate of cleavage of methyl groups and, consequently, of 
the oxidation process on which the cleavage is based in- 
creased with an increase in the thickness of the film, This 
increase in rate proceeded up to a specific sample thick- 
ness (which we designate as “optimum”), after which the 
rate began to decrease, Figure 1 shows kinctic curves for 
the cleavage of methyl groups at 280° (“optimum” thick- 
ness, 0.6 mm). For oxidation in air the “optimun” thick- 
ness was approximately 0.3 mm at 300°, 0.75 mm at 270°, 
2.5 mm at 250°, and > 4mm _ aat 230°.° 


This dependence of the rate of oxidation of methyl 
groups on film thickness is a consequence of two competing 
factors. The first factor is the formation, during oxidation 
of the polymer, of volatile compounds which promote 
acceleration of the process (possibly formaldehyde), With 
an increase in film thickness, the portion of these com- 
pounds leaving the film without reacting in it decreases, 
and thus the rate of oxidation increases. That this assump- 
tion is correct is confirmed by the foilowing factors. It 
was established that a film having a thickness of 0.25-0.5 
mm and lying on another film of polydimethylsiloxane 
rubber cross-links at a greater rate than a film of the same 
thickness lying directly on the quartz substrate. An in- 
crease in the weight of polymer being oxiaized (at an oxygen 
flow rate of 40 ml/minute) also leads to an increase in the 
rate of oxidation of methyl groups. Finally, it was observed 
that a film with a thickness of about 1 lying ona KBr 
support is not appreciably oxidized even after being heated 
in air at 300° for 36 hours; this was shown by the {.r. ab- 
sorption spectrum of the polymer. Moreover, if the glass 
on which the 1p film lies is covered with another poly- 
dimethylsiloxzne rubber film with a thickness of 0.5 mm, 
the 1p film is considerably oxidized after 6 hours heating 
at 300° (Fig. 2); the intensity of the bands at 1260 and 800 
cm~', which correspond to =Si(CHy), groups, increased, and 
the intensity of the absorption in the region from 1100 to 
1025 cm~ which corresponds to =S{O bonds (chiefly 
siloxane bonds are formed during oxidation at the sites of 
cleaved methyl groups) [11], also increased, 


* These data were obtained by comparing the rates of cross-linking of oxidized samples of different thicknesses (as 
determined by the Limit of swelling in toluene), We have established that there is a definite connection between 
the number of cross-links formed and the number of methyl groups cleaved. 
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The second factor deterinining the dependence of the rate of oxidation of methyl groups on film thickness {s 
the barrier to oxygen diffusion in the film, In sufficiently thick filins (for example, 0.8 mm at 280°), the lower half, 
which is adjacent to the support, cross-links more slowly than the upper half, and this difference increases with an in- 
crease in film thickness, Abcve the “optimum” thickness, the effect of retardation of oxygen diffusion overshadows 
the action of the first factor, and, therefore, there is a decrease in oxidation rate with an increase in film thickness. 


The fact that the rate of oxidation of methyl groups is highly accelerated under the influence of the volatile 
products formed during the course of the process requires the assumption that the oxidation of polydimethylsiloxane 
{is a chain reaction. Additional evidence of this is the sharp decrease {in the rate of cleavage of methyl groups (by 
half an order of magnitude) with the introduction of 0,5-1% di-8,6'-naphthyl-p-phenylenediamine (which {s an 
antioxidant for hydrocarbons) and also with the introduction of a filler —- U-333 (50 pph). 


A question of basic importance {s whether oxidation of the side chains is interconnected with the process taking 
place in the main chain, and, in general, whether the latter {s influenced by oxygen. As is apparent from Fig. 3, 
oxygen clearly accelerates cleavage of low-molecular-weight organosilicon compounds in the initial period. It fs 
possible that the accelerating effect of oxygen on this process {s a consequence of oxidation of the methyl groups, 
Thus, di-8,6°-naphthyl-p-phenylenediamine and silica filler both slow down cleavage of the side chains and de- 
crease the evolution of organosilicon compounds, However, during an investigation of the oxidation under different 
conditions, it was found that there {is no connection between the amount of methyl groups cleaved and the amount 
of ocganosilfcon compounds evolved, 
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The method of electron paramagnetic resonance (e.p.t,) has recently been applied successfully for measuring 
the concentrations of free radicals and paramagnetic particles, 


In the present work we investigated the possibility of using this method for the quantitative analysis of the nitro- 
gen Lotopes N™ and N’S in organic and inorganic compounds, The application of the e.p.r, method for this purpose ; 
is based on a study of the hyperfine nuclear structure of the spectra of free radicals containing Nn“ and N's, The mag- 
netic moments of the N“ and N'S nuclei are 1 and } respectively, so that, by interaction of the spins of the unpaired 
electron and the nitrogen nucleus, we should expect the appearance in the e.p.r. spectrum of three lines for Nn“ and 
two lines for N's, 


This fact can be used for analytical purposes provided that several conditions are fulfilled: 1) It ts necessary to 
have a stable nitrogen radical with good splitting of the nitrogen singlet. The triplet and doublet lines in the e.p.r, 


spectrum must not be superimposed on each other, 2) The nitrogen of chemical compounds must be convertible into 
the stable radical by a general simple method, without any significant isotopic effect. 3) It is desirable that the free 
radical should be stable in solutions exposed to the air for a reasonable time, 


We obtained a free radical which satisfied these conditions, and which could be assigned the structure 2,2,6,6- 
tetramethyl -N-dehydropiperidine -4-one-1-oxide (D, This radical I was formed by oxidation of trlacetonamine with 
sodium pertungstate in cn aqueous medium, Triacetonamine was easily obtained by interaction of ammonia with 
phorone: 


A 
Cc 


NH 
The nitrogen in the compound to be analyzed was converted into ammonia by normal methods, The time taken to 
synthesize the radical was 40 min, An aqueous solution of the radical was stable in air for several weeks, 


The spectrum of I consisted of three lines of relative intensities 1: 1:1, and with a separation between the line 
centers of 15.7 oersteds (Fig.1). We prepared solutions of samples of I containing 3,2 to 28% of N'S, In this case, in 
addition to the triplet, two new lines appeared in the e.p.r, spectrum, corresponding to interaction of the unpaired elec- 
tron with the N“* nucleus. The hyperfine structure of the spectrum was well resolved in air with dilute solutions in 
water, aqueous alcohol, or ether at room temperature (Fig, 2), 


It was difficult to resolve the e.p.r. spectrum with less than 2%of N'®, The separation between the doublet 
lines was 21.9 oersteds, The center of the e.p.t. spectrum of the radical I was shifted 2.9 oersteds higher by the field 
relative to the center of the spectrum of 1,1-diphenyl-2-picrylhydrazyl, 
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G ota = of these spectra enabled us to conclude that they were suitable for determining the relative con- 
tents of N' and N'S, Determination could be carried out in the normal way by caiculation from the areas occupied 
by the doublet and triplet parts of the a Since this method was based on single measurements, without com- 
parison with standards, it was necessary to consider the various 
factors which could reduce the precision of analysis [1]. Condi- 
tions could arise in the measurements where it would be difficult 
to achieve good resolution of the spectra, For instance, when 
working with an insufficiently diluted solution of radical [, (which 
might be necessary to obtain an adequate signal to noise ratio), 
the fine structure of the spectrum was partially blurred (Fig. 3a,b), 
In this case it was necessary to carry out an approximate calcula- 
tion, ignoring peaks 2,3,8, and 9, from the formula 


N -f- -f- Ay UV, Say 100 (%), 


where a denotes the peak of area or peak height, 


Substituting the values of the areas in this formula for 
samples containing 28.0, 25,2, and 19.8% of N'S, we found 27.9, 
10 ocrsteds 25.0, and 18.9% respectively, 


Table 1 shows the analytical results obtained by substitu- 
lig. 1, E.p.t, spectrum of radical L tion of peak heights in the above formula, In this case more pre- 
cise results were obtained by using the correlation relation be- 
tween the compositions taken (x) and found (y) (2). For our experiments this relation had the form y=1,05x -1.51. 
the residual dispersion for a single measurement o =1.16, The limits, within which 95% of all the values lay in the 
case of three measurements, were £ 1,4%(absolute), calculated from the regression line. 


EX PERIMENTAL 

The e.p.t, spectra were investigated using aqueous alco- 
holic media, in air, at room temperature, and a direct amplifi- 
cation spectrometer, with double modulation of the magnetic 
field and a working frequency of about 9000 Mc, type EPA, The 
spectra were recorded as first derivatives of the absorption line, 
with and EPP-09 Fecorder, Some of the measurements were re- 
peated using an EPR-2 spectrometer (3}, with the kind assistance 


10 ocrsteds 
prs of A, L, Buchachenko, 


Fig. 2. The e.p.r, spectrum of radical I, la- The radical I was prepared as follows, One ml of an aque- 
belled with 28% N's, ous solution, containing 0,2 millimoles of ammonium nitrate, 

was treated with 0,02 ml of a 25% solution of phorone in alcohol, 
0.4 ml of 0.5 N NaOH, and 0.5 ml of C,H,OH. The mixture was heated in a sealed tube at 100° for 15 min. The pro- 
duct was then treated with 0,2-1 mg of trilon B, 0,2 ml of 30% hydrogen peroxide, and 0.1 ml of M sodium tungstate, 
The mixture was heated to 50° for 15 min. About 0,01 ml of the resulting radical solution was used to record the 
spectrum, A change by a factor of 10 in the ammonium salt concentration used for the radical synthesis did not affect 
the precision of a determination, The method ould be used for anaiyzing nitrogen-containing compounds in amounts 
down to 0,02 mg. 


TABLE 1, Isotopic Analysis Results 


sees Found, % Found, % 
ple Taken,%} without after without alter 
correlation } correlation correlation | correlation 


16,3 
19,3 
23,2 

2 


25, 
Note, No, 1-9 were the mean of 4 mcasurements, No, 10 was the mean of 15 measurements, 


* The N' content of this sample was determined mass-spectrometrically, The other samples were ob- 


tained by diluting No, 10 with unlabelled ammonium nitrate, 
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1 3,2 3,6 4,9 6 17,0 15,6 
2 5,9 5,2 6,4 7 19,8 18,8 
3 8,7 a 8,3 8 22,5 22,9 


10 odrsteds persteds 
6 0 


Fig. 3. E.p.t. spectra of radical I with inadequate resolution, .On the right 28% of N'S, 
on the left 14.2% of N's, 
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Vitamin E, which fulfills various functions in the organism, is used in hormone therapy for cardiac-vascular dis- 
orders and for the treatment of a number of other diseases; it is also an active stabilizer for vegetable oils and is used 


as an antioxidant. a-Tocopherol is known as vitamin F when accompanied by the higher aliphatic acids—linoleic, 
linolenic, and arachidnic, 


Vitamin E (1) consists essentially of the tocol molecule, 2-methyl-2-44",8',12°-trimethyltridecanyl)-6 -hydroxy - 
chromen, substituted in the 5,7, and 8 positions by methyl groups: 


4 
The low content of a-tocopherol in plant sources, and the existence of a number of isomeric dimethyl- and 
methyl-tocols and vitamins accompanying a-tocopherol, which complicate its extraction in the pure state, have 
stimulated many investigations on the search for synthetic methods to obtain this compound, 


A known method of synthesizing vitamin F (1) is based on the interaction of 2,3,5-trimethyihydroquinone (ID 
with phytol (IID: 


CHs 
HO | CH; CHs 


(iy 


HC 


CHs 
(Il) 


Catalysts which have been used for this reaction include zinc chloride, formic, and acetic acids, phosphoric an- 
hydride, and the ether complex of boron trifluoride, but condensation can also take place without any special activa- 
tors. It has also been found that, in the synthesis of a-tocopherol (1), the aliphatic reagent may be phytodiene, phytyl 
bromide, phytyl and tsophytyl chlorides, isophytol (IV),2,6,10,14 -tetramethylhexadecane-14,16-diol, and other com- 
pounds similar in structure to phytol (III) and isophytol (IV). Syntheses of a-tocopherol and its analogs have also been 
described in the literature in which there is a stepwise building up of the hydrogenated ring and the phytol residue. Io 
most of the previously described synthetic methods the phytol (ILI), 2,6,10,14 -tetramethylhexadec-14 -ene-16-ol, and 
isophytol (IV), 2,6,10,14-tetramethylhexadec-15-ene-14-ol, were obtained from natural raw materials: citral, pseudo- 
fonone, linalool (1). 


In this paper we present a complete synthesis of isophytol, starting from acetone and acetylene: 


Scheme 1 


CHs CHs 
dy 
CH, CHs 
cH, — Cth — Co» cH, —CH, —CH, —CH, -¢—C CH 
(Vil) (Vill) des 
CHs 
~ — Cy — Cty — Cl — — Cit 
(IX) 
CHs CHs 
bo 
CH, ~ (— CH — CH; — CH, — CH; — )s; — CO CH; — (-- CH — CH, — CH, — CH, —) ~- 
(X) (Al) 
—C=CH-» 


CHs on CH CHs 


(X11) 
CH, CHs 
by 
CH, — (— CH — CH, — CH, — CH; —)s— 


CH; 


(XIV) bu 


CHy CHs 


(IV) bei 


It is clear from scheme 1 that the synthesis is based on repetition of two consecutive reactions: the building up 
of each intermediate isoprene unit of the isophytol molecule by two and then by three carbon atoms. 


To lengthen the chain by two carbon atoms we condensed the ketone with acetylene in an organic solvent me- 
dium, xylene, toluene, the dibutylacetal of formaldehyde (b.p. 63-65°/7 mm; 44°0.8473; ty 1.4081; MRp found 46.68, 
calculated for CyHz gO, 47.04) or of acetaldehyde (b.p. 64-64.5/7 mm; d° 0.8330; n®° 1.4086; found 51.68, cal- 
culated for Cyt 20, 51.€7), in the presence of caustic soda (2), or in liquid ammonia in the presence of sodium, yield- 
ing an ethynyl carbinol. In this way we obtained 2-methy!butyl-3-yne-2-ol (V), 2,6-dimethyloct-7-yne-6-ol (VID), 
2,6,10-trimethyldodec-11-yne-10-ol (XD), and 2,6,10,14-tetramethylhexadec-15-yne-14-ol (XIV); their physical 
properties are shown in Table 1. 


To lengthen the chain by three carbon atoms we used the method of producing a,8 -unsaturated aldehydes and 
a,B; y,5-unsaturated ketones (3)(XVIILD from acctates of acetylenic alcohols (XV) by their isomerization to acetates 
of allenic alcohols (XVI) and acetal diacetates (XVII), followed by condensation with acetone, according to the scheme: 


R OCOCHs R R OCOCH; R CH; 


R’ (xX (XVI R XVII 
(XV) ) ( ) OCOCHs (xvitn 
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The products obtained in this way, 2-methythepta-2,4-diene-6-one (VI), 2,6-dimethylundeca- ,3-diene-10-one 
(IX), and 2,6,10-trimethylpentadeca -10,12-diene-14-one (XI1), differed markedly in boiling point from the original 
ethynyl carbinols and had higher molecular refractions than those calculated; this was attributed to conjugation of the 
double bonds with the carbinol groups (see Table 1), 


The unsaturated ketones VI, IX, and XII, were converted into 2-methylheptane-6-one (VID, 2,6-dimethylun- 
decane -10-one (X), and 2,6,10-trimethylpentadecane -14-one (XIII), by catalytic reduction in the presence of palla- 
dous chloride and activated carbon in a methyl alcohol medium (see Table 1), 


TABLE 1 


Found Calculated 


Gross 


formula | 
> 


Ethynyl carbinols 

2-Methylbut-3-yne-2-ol (V) C,H,OF $9,5 1,421 
C,H %.0 0, 4420) 
2,6,10-Trimethyldodec-11- OF 4502 12,28 89,29] 12,58 
hexzadec-1$-yne-14-0l (XIV) (0,25) | 

Unsaturated ketones 
2-Methylhepta-2,4-dlene-6- 9, 80) 77,32] 9,76 
10,12-diene-14-one (XII) 


Saturated ketones 

2-Methy theptene-6-one (VII) C,H,,0 {84,2 189-169" 42,46 

2,6-Dimethylundecane-10- 9,8900!1 6376 78,88] $2,140] 62,26] 78,72 


(3) 
| C,,11,,0 89,82] 13,54] 85,33] 80,82 
14-one (XIII) 


Starting from 2,6,10,14-tetramethylhexadec -15-yne-14-ol (XIV), we obtained 2,6,10,14 -tetramethylkexadec- 
15-ene-14-ol (IV) by reduction in the presence of a palladium catalyst on calcium carbonate or of a Raney nickel 
catalyst, in an anhydrous methyl alcohol medium, until 1 mole of hydrogen was absorbed per mole of substance, 

Yield 90.6%, B.p. 146-147°/5 mm; 0.8454; 1.4576; MRp found 95.64, calculated for F 95.62. %Found: 
C 81.35, H 13.48, %Calculated for CygHygO: C 81.35, H 13.60. 


The syuthetic isophytol (IV), obtained in this way, was one of the components for the production of a-toco- 
pherol (1). 


The second component used was 2,3,5-trimethylhydroquinone (11), obtained from nitromesitylene (XIX) (5] by 
selective reduction to mesitylhydroxylamine (XX) and conversion of this to 2,3,5-trimethylhydroquinone by the E. 
Bamberger (6) regrouping reaction of a quinol to the corresponding hydroquinone: 


CH 
O.N HOHN H,CCOO 
ay 
Uh | 


CHs 


x 
(XIX) (XX) (xx!) 


By the condensation of isophytol (IV) with 2,3,5-trimethylhydroquinone (II) in an acetic acid medium, in the 
presence of the ether complex of boron trifluoride and zinc chloride, we obtained the acetate of vitamin E(XXD. 
Yield 69,5%, 


| 
| 


The acetate of vitamin E was a thick viscous oil, pale yellow in color, and soluble in organic solvents. B.p. 
183-185°/ 0,007 mm, 205-208"/ 0.3 mm; 0.9773; 1.5021; MRp found 142,76, calculated for 142.85; 


43.35 #1 at 285 my. %Found: C 78,47,H 10.81. Calculated for C 78.76, H.11.09 


The acetate of a-tocopherol (XX) was hydrolyzed by aa alcoholic solution of caustic potash to a-tocopherol 
(1), and this reacted with the acid chloride of palmitic acid (XXII, b.p, 190-192°/14 mm) to give the palmitate of 


vitamin E(XXUD. Yield 37.5%, M.p. 36-37. 


CysHs,COCI 


(i) 


% Found: C 80,91, H 11.88. Calculated for CysHggO3: C 80.78, H 12.05. 
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It bas now been established that ortho and para arylazophenols have the hydroxyazo structure both in solution 
and in the solid state (1-3,4}), However, 4-arylazo-1-naphthol and 1-arylazo-2-naphthol are tautomeric in solution 
(1,5-9], while the hydroxyazo compounds of the anthracene and naphthacene series can be presented as the phenyl- 
hydrazones of quinones (5, 10). 


OH 


5 


Smith and Mitchell (11] found that arylazophenols could be mercurated with mercuric acetate, but with con- 
siderably more difficulty than the corresponding phenols. They were unable to mercurate i-phcnylazo-2-naphthol 
and 4-phenylazo-1-naphthol (12). Until now no mercury derivatives of hydroxyazo compounds had been obtained 
which were not mercuzated in the aromatic ring. 


In continuation of a previous study (13-15), we investigated the interaction of the hydroxide of p-dimethyl- 
aminophenyl mercury with a number of hydroxyazo compounds and quinone phenylhydrazones, and also with benzil 
phenylhydrazone, In all cases reaction in methanol solution gave the corresponding arylmercury derivative in ac- 
cordance with the general scheme: (CH NCgH,HgOH + HA + H,0, where HA fs the hydroxyazo 
compound or quinone phenylhydrazone (see Table 1), 


The products thus obtained were crystalline materials, dark yellow or 
red in color, insoluble in water but soluble in organic solvents, and melting 
with decomposition, The o-hydroxyazo compound derivatives showed che- 
late properties, being very solubie in nonpolar solvents such as benzene, The 
arylmercury derivatives of p- and o-hydroxyazo compounds were split up re- 
spectively by the action of NaOH or C,H,ONa to give the sodium derivative 
of the hydroxyazo compound and the hydroxide or alcoholate of the aryl me- 
cury, the latter being identified as its o-nitroaniline derivative: 


+ NaOH -+ (CH3)NC,H,HgOH + NaA, 
NH NHHgC,H,N (CH 
(CH,):NGH,HgOH Ox (CH 


The quinone phenylhydrazone derivaties were split up by the action of po- 
tassium iodide: 


Fig. 1. Absorption spectra of s0- Thus, the arylmercury radical in these compounds was not combined with 


lutions in ethyl acetate: a)R=H, res nore ring oe ig compound or quinone phenylhydrazone, 
b) R=CHy, c) R=44CH,)NC,H,Hg, t replaced a mobile hydrogen atom, 


28 c 
a 
22 
16 
2 
10 
a 
20. 25 hd 
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The arylmercury derivatives might therefore have a benzenoid or quinonoid structure, such as: 


RHgO SN >= NN HeR 


To resolve this question, we recorded the absorption spectra of the derivatives of the hydroxyazo compounds and of 
the quinone phenylhydrazones and their methyl derivatives, in ethyl acetate, in the region 20,000-49,000 cm ‘(see 
Figs. 1-3),* 


TABLE 1, (CH,NCgHyHgA 


H,% Hg. % 
33 |S) 3 3 a 3 2| 6 
10 £3] 46.59] 46, 3.62 | 3,70 | 8.26 18,49] — | 38,73 
RE | trom 46,53 3.65 8,32 
R=H 
R=CH, 164 83] 67,65] 47,49] 4.16 | 3,08 | 8,29 17,00] — | 37,71 
fromC,H, 47.58 4,03 
R=CH,O 178 si] 46.21] 466,02] 3,83 | 3,96 | 7,76 17,67] — | 33,68 
from GH, 46,05 3,88 7,8 
R=NO, 189 78] 42,67] 42,735] 3,35 | 3,22 | 9,72 19,0] — 3,63 
139 87} 47,43] 47,44] 3,99 | 3,93 | 8,08 |7,90] 37.57] 37,78 
47.0 4513 8,06 37.81 
H, R=H 
R=CH, 
78] 48,46] 48,33] 6,23 | 6,26 | 7.76 17,70] 36,72] 38,7 
R—CH,O tron 43.43 6.26 7.86 36.63 
4 67,25] 47,00} 6.23 | 6.42 | 7,99 17,68] 25.0617 35,69 
R=NO, 6.23 7,76 35.35 
re) €9] 43,76] 46,05] 3,51 3.49 | 19,65 19,71] 36,89] 34,77 
43,89 3.0 16,18 39,26 
nan vom 
136 88] S847] 54.42] 3.56 | 3,75 | 6,60 16,80] 32,06] 32,46 
frog 54,37 3,58 6,65 32,10 
NN 
184 $2.87] 52,74] 3,67 | 3,58 | 6,92 17,40] 33,48] 33,88 
, 53,06 3,05 7,15 33,50 
H,COCC,H, 
193 | of] 546,52] 56.23] | 4,06 | 7,08 [6,77] 22,10] 82,25 
NN C,H,OH 4,43 7,15 32,08 
Nau, from 


The absorption spectra of the arylmercury derivatives of the para and ortho hydroxyazo compounds were simi- 
lar to those of the original compounds and of their methyl ethers. The form of the spectral curve in the region 20000- 
33.000 cm * was practically unaltered by the change from the hydroxyazo compound to its arylmercury derivative, 
The appearance of an additional maximum in the region 33,000-40,000 cm could be attributed to the inherent ab- 
sorption of the dimethylaminophenylmercury radical [13]. The fairly considerable decrease in intensity of the ab- 
sorption maximum at 32,000 cm? of the methyl ether of phenylazo-1,4-cresol was the effect of methylation [16]. 
The observed differences in intensity of the absorption maxima did not show the existence of any substantial effect 
on the general shape of the spectral curves of the arylmercury derivatives, the hydroxyazo compounds or their 
methyl esters, and on this basis we concluded that the arylmercury derivatives had a benzenoid structure in solution. 


In contrast to this, the spectra of the arylmercury derivatives of the quinone phenylhydrazones were similar to 
those of the corresponding methylphenylhydrazones, Therefore, the arylmercury derivatives of this type, like the 


* The absorption spectra were recorded with a spectrovizor in the optical laboratory of the Institute of Heteroorganic 
Chemistry of the Academy of Sciences of the USSR, . 
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corresponding unsubstituted compounds, had a quinone hydrazone structure. In order to establish the structures of 
these arylmercury derivatives in the solid state, we recorded the infrared spectra of their powders in the range 1500- 


1700 cm™ (see Fig, 4).° 


Absorbtion —= 
Soo 


sesss 


1 1 iL 
1500 1500 17001500 1600 17001$00 1600 1700 1500 1600 1700 


Wot Fig. 4. Infrared spectra of powders of the aryl- 


20 & 30 
mercury derivatives: 


Fig. 2. Absorption spectra of solu- 
tions in ethyl acetate: a)R=H, b) 
R = CHg, c) 


HgR 
‘ 

where R = 4-(CH3):NC,H, 


The spectra of the arylmercury derivatives of the hydroxyazo com- 

pounds showed only one intense absorption band at ~ 1600 cm™ in the range 

580-1700 cm *, The same band was present in the spectra of the corre- 
sponcing methyl esters of the hydroxyazo compounds, and was attributed to 
vibrations of the C=C bonds of the aromatic ring (17). The infrared spectra 
of the arylmercury derivatives of the phenylhydrazones of anthraquinone, ace- 
naphthenequinone, and benzil, contained, in addition to the absorption band 
corresponding to the C =C bond vibrations, an intense band in the region 
1600-1700 cm “, also present in the spectra of the unsubstituted compounds 
and of the quinone methylphenylhydrazones, and corresponding to the vibra- 
‘tions of the quinonoid carbonyl group 118). 


Fig. 3. Absorption spectra of solu- 
tions in ethyl acetate: a)R=H, b) 
R=CHy, c) R=44CH;)NC,IHg, Therefore, the arylmercury derivatives of the hydroxyazo compounds 

also had a benzenoid structure in the solid state, whereas the derivatives of 


the quinone phenylhydrazones had a quinonoid structure, 


Thus, the structures of the arylmercury derivatives were completely analogous to the structures of the unsub- 
stituted compounds and were determined by the relative stabilities of the benzenoid and quinonoid states of the aro- 
matic ring, participating in a tautomeric system. These results confirmed our previously expressed views as to the 
similarities in the behavior of the arylmercury radical and the hydrogen atom in tautomeric and so-called pseudo- 
meric systems [13-15], 

In conclusion, we would like to thank L, P. Larina and L, P, Volkova for recording the absorption spectra, and 
N, A, Chumaevskii and E, D, Vlasov for recording the infrared spectra, 


* These infrared spectra were recorded using a VIKS-M3 spectrograph in the optical laboratory of the Institute for 
Heteroorganic Compounds of the Academy of Sciences of the USSR, 
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EQUILIBRIUM CONDITIONS FOR THE REDUCTION OF NICKEL 
FERRITE WITH HYDROGEN 


G. P. Popov 


The Institute of Metallurgy of the Urals Branch of the Academy of Sciences of the USSR 
(Presented by Academician G, V. Kurdyumov, May 20, 1961) 
_ Translated from Doklady Akademii Nauk, SSSR, Vol, 140, No, 1, 
pp. 1338-1340, October, 1961 
Original article submitted May 18, 1961 


It has been shown previously (1-3) that the mechanism of reduction of nickel ferrite depends essentially on the 
relative rates of the chemical reaction and of diffusion in the solid phase. In this paper we have determined the equi- 
librium: conditions for the reduction of nickel ferrite, ie., the composition and nature of the gas and solid phases, 


The reduction was carried out in a closed vacuum apparatus, with a mixture of H, + 14,0 circulated by a mer- 
cury pump. The water vapor pressure was maintained equal to the pressure of the saturated vapor at 0°C, After equi- 
librium had been established, the ferrite sarnple was lifted out of the furnace by an electromagnetic device, the water 
vapor was frozen out in a trap immersed in liquid nitrogen, and the hydrogen pressure was measured, Equilibrium was 
approached from the reduction and oxidation sides, and the mean value of the hydrogen pressure was taken as the 
equilibrium value, The extent of reduction was determined from the hydrogen consumption, The nature of the solid 
phases coexisting with the gas was determined by the Debye x-ray diffraction method, using a 57.3 mm diameter cam- 
era, The diffraction pattern was recorded with Fe-K,, -radiation and an Ma filter, Graphical extrapolation by the 
Bradley and Jay method was used to determine the crystalline lattice parameters, 


ere 1-0-1030 


Degree of reduction Degree of reduction 
Fig. 1, Changes in the equilibrium con- Fig. 2. Changes in the crystalline lattice 
stant for the reduction of nickel ferrite by parameters of the phases: 1) spinel, 2) 
hydrogen, as a function of the extent of wurstite, 3) metal, in the reduction of 
reduction, at temperatures: 1) 900°, 2) nickel ferrite by hydrogen, 
800°, 3) 700°, 4) 600°, 


The nickel ferrite was produced by sintering an equimolecular mixture of NiO and Fe,Oy at 1200° for 30 hr in 
air; it had a crystalline lattice parameter of 8,332 4 0,005 A, agreeing with the results of (3). Fig. 1 and Table 1 
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TABLE 1, Thermodynamic Values for the System NiFe,0,—Fe,0, 


solutions 


NiFe,O, 
Ni,, 


» | Composition of 
ferrite solid 


47,0 


18,898 | 47,0 


57,0 | 235.5 


263,5 | 


| 287.0 236.6 


15,20° | 266,5° | 242,4° 


7,47 
2,57 
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show the experimentally determined values of the equilibrium constant 

K_=Py, o/P,, at different temperatures and extents of reduction, Pig. 2 
p tho 

stiows the results of x-ray phase analysis of the reduction products and the 

changes in the crystalline lattice parameters, 


Reduction of NiFe,0, took place in two stages. From 0 to 60% re- 
duction the reaction product was a metallic phase, initially almost pure 
nickel, With increasing reduction, iron began to accompany the nickel, 
and the lattice parameter increased to 3,56 A at 60% reduction, At the 
same time, the ferrite lattice parameter increased from 8,332 to 8,378 A, 
i.e., to a value corresponding to almost pure magnetite (Fig, 2), Thus, in 
the first stage of reduction, the nickel ferrite was gradually enriched in 
iron, forming a series of solid solutions from NiFe,O, to FesQ,. In conform- 
ity with this, as the process proceeded, there was a change in the equilib- 
rium constant to a value corresponding approximately to the equilibrium 
FesQ,-FeO after 60% reduction (Fig. 1). 


The second stage of the reduction, from 60 to 100%, was character- 
ized by the appearance of wurstite with a lattice parameter of 4.28 A. 
This was accompanicd by the reduction of wurstite to iron, and the lattice 
parameter of the metallic phase increased to 3,584 A at 75% reduction, 
According to [4] this parameter should have altered further after 15% re- 
duction, but the change was not detectable within the limits of accuracy 
of our measurements, 


On the basis of our experimental values for the lattice parameters 
of the metallic phase and of the data in [4], we calculated the composi- 
tion of the ferrite as a function of the degree of reduction (Table 1), 


From a knowledge of the equilibrium constants for the reduction by» 
hydrogen of the solid solutions NiFe,0,-FesO,, we were ahle to calculate 
the changes in oxygen dissociation pressure P. and the isobaric isother- 
mal potential of the dissociation reaction AZ,” We also calculated the 
changes in the standard heat of the reduction reaction Qycg, and the stand- 
ard free energies AFgg and standard enthalpics AHy¢ of formation from 
their elements of NiFe,O, and the solid solutions. The value of AHgog for 
NiFe,O, was found to be 257.0 kcal/mole, close to the 258 kcal/mole 
given in [5]. 


Ali these figures are shown in Table 1, together with the value of 
the integration constants I in the equation for the reaction isobar and the 
standard absolute entropies of the ferrite solid solution Syog, calculated by 
means of the Temkin-Shvartsman equation (6). 


The author would like to thank Corresponding Member Acad, Sci, 
USSR G, L, Chufarov for his help in directing the work and V. N, Bogo- 
slovskii for his participation in discussions, 
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ROTATORY DISPERSION OF COMPOUNDS 
OF THE CEDRANE SERIES 


Vv. M. Potapov, M. I. Goryaev, G, A. Tolstikov, 
and A, P, Terent’ev 


Translated from Doklady Akademii Nauk, SSSR, Vol. 140, No, 6, 
pp. 1341-1344, October, 1961 
Original article submitted June 2, 1961 


The first results of a study of compounds of the cedrane serics were recently reported [1] from the Institute of 
Chemical Sciences of the Academy of Sciences of the Kazakh SSR, These compounds represent interesting subjects 
for the application of the spectropolarimetric method which has been employed so successfully by Djerassi (2) for the 
{investigation of steroid compounds. There are no data {n the Literature u, to the present time on spectropolarimetric 
investigations of the cedrane compounds, although in several instances [3-5] studies have been made of the rotatory 
dispersion of more comp'sx compounds {nto whose composition the perhydroazulene skeleton also enters, 


The cyclic nucleus of cedrane® (5) has several asymmetric centers: four of them (three asymmetric atoms 
which are junctional atoms of the tricyclic system and an asymmetric atom carrying a methyl group in the five- 


membered ring) have the same configuration in all the compounds described below (II-X)- the structural and stereo- 
chemical changes thus involve only the seven-membered ring. These changes Include the introduction of a hydroxyl 
group into the 2 and 3 positions, of a carbonyl group into position 2, and of a double bond into position 2-3, and the 
conversion of the methyl group on the Cy into a methylene (creation of an exocyclic double bond), hydroxymethylene, 


cedrol VI a- cedrene VIII B-cedrene 
CHy; Rs = OH; Rs = H) (R = CH;) (R = H) 
primary cedranol VIL cedrenal isocedrenol 
(Ry = CH,OH; R; = Rs = H) (R = CHO) (R = OH) 
1V_ isocedranol X isocedrenone 
(Ri = CHy; Ry = H; Rs = OH) (R = 0) 
V_tsocedranone 


(Ri = CHy; Ry = H; Ry =O) 


* There is no generally accepted numeration for cedrane, We propose to follow the rules of systematic nomenclature 


(6}. The naming of this compound according to the systematic nomenclature is: 3,5,5,9-tetramethyltricyclo (10; 
11-4; 10-6jhendecane, 


The curves fur the rotatory dispersion of the cedrane derivatives listed are given In Fig. 1. 


For three of the compounds, B-cedrene (VIII), isocedrenol (1X), and {socedrano} (IV) the magnitude of the 
rotation is very small, Inasmuct as the measurements were carried out in dilute solutions (not only because of the 


| 


Fig. 1, Rotational dispersion of compounds of 
the cedrane series (in fsooctane solutions): II) 
cedrol; III) primary cedranol; IV) {socedranol; 
V) isocedranone; VI) a-cedrene; VII) cedrenal; 
VIII) -cedrene; IX) isocedrenol; X) iso- 
cedrenone. 


308 nse 


Fig. 2. Effect of HCl on rotation of {socedranone 
(V) and isocedrenone (X). Dotted lines — solution 
in methanol; solid lines-solutions in methanol + 
+ HCL, 


small amounts of material at our disposal, but also because 
of the low solubility of these compounds in {sooctane), the 
angles read on the polarimeter consisted in the long-wave 
portion of the spectrum of at most several hundredths of a 


degree, and therefore the magnitudes calculated for the 


molecular rotations of these compounds (see table) must 
be considered only approximate, 


Cedrol (II) and piimary cedranol (III) have a somewhat 
greater rotation, especially in the ultraviolet region of the 
spectrum, Attention is attracted by the fact that while their 
signs are opposite, the absolute magnitudes of the rotation 
for the two alcohols are practically thesame, This fact can 
be compared with the observation of Levene (7], who deter- 
mined that alcohols of the type RyRgCH—(CH,),OH which 
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Molecular Rotations of Compounds of the Cedrane Series in Isooctane Solutions® 


ca-Cedrene® * 


Isoced- 


renol 
c= (0,82 


3 


—170 
—175 
—198 
—354 
—4135 
—795 
—1030 
—1180 
—1250 
—1320 
—1440 


~ 


*Supplementery points for isocedranone: (323), —1110 (322), 99 (285); for cedrenal: 
—OS2 (275), —104) (LTT), U8) (375), —1059 (374), (372), (368), (362), —1130 (359), 
1200 (357), (354), — 855 (351), —710 (349), —677 (344), —553 (390), —135 (424), —80 (22), —385 (307), 

for isocedrenone: -+124 (359 Mp), 459 (378 MA), (456 mp), my), +613 (339mp), 
+721 (359 my), +510 (C6 my). 
¢¢Preparation A was obtained by dehydration of cedrol, preparation B by dehydration of peoudocedrol 


have same configuration, when n = 0 (the case analogous to cedrol) and n = 1 (the case analogous to primary cedranol) 
have opposite signs of rotation, However, the analogy with the aliphatic alcohols investigated by Levene {s in our 
case very distant, and perhaps the cause of the “antipodal” nature of the Curves Il and III {s that the groups deter- 
mining the creation of asymmetry at the C;~the OH in cedrol and the CH OH in the primary cedranol—occupy anti- 
podal positions, 


All the compounds mentioned up to this time have plain rotatory dispersion curves,® as would be expected for 
hydrocarbons and alcohols not having optically active absorption bands in the region of the spectrum accessible for 
spectropolarimetric measurements. a-Cedrene (VI) also has a plain curve, but the magnitude of the rotation of this 
compound is incomparably greater than for the preceding compounds. Two preparations of a-cedrene were at our 
disposal. The first of them was obtained directly by dehydration of the cedrol with formic acid [1], The second pre- 
paration was obtained from the a -cedrene mentioned above by converting it by the action of perbenzoic acid to 
the oxide, which was reduced by lithium aluminum hydride to pseudocedrol, from which a-cedrene was again ob- 
tained by dehydration, It appeared that the rotation of the a-acetone obtained by the second route was greater than 
that of the a-cedrene originating directly from the dehydration of cedrol. Since for all wavelengths the rotation of 
the first preparation was 85-86% of the rotation of the second, there was no doubt of their chemical and steric iden- 
tity, but the first of them apparently was contaminated by racemate; any optically active contaminant, for example 
B-cedrene, having a small positive rotation, would destroy the strict proportionality of the rotatory dispersion curves 
of the two preparations, 


The dispersion curves acquire a different character from those of the hydrocarbons and alcohols considered above 
when a carbonyl chromophore is present in the compound under investigation. In this case an anomaly appears (a 
peak or a trough) associated with the absorption band of the carbonyl. In the dispersion curve for isocedranone (V) 
there is a trough at 320 mu, in the dispersion curve for isocedrenone (X) there is a peak at 334 my, and cedrenal 
(VII) gives a dispersion curve with a complex Cotton effect, which is characterized by the presence of two troughs 
at 375 and 357 my. The presence of anomalies in the carbony] derivatives of cedrene is in complete agreement 
with all the investigations of Djerassi, who observed similar anomalies in the steroid ketones [2} 


The author mentioned also showed that the anomalies elicited by the presence of the carbonyl group disappear 
when the polyacetals are formed, which occurs readily upon the addition of traces of hydrochloric acid to the methanol 
solutions of the ketones [9}, Having measured the rotatory dispersion of the cedrane ketones in methyl alcohol before 


* For the description of the rotatory dispersion curves we employ the terms introduced by Djerassi [2, 8}, 


589 | 20,7) —20,5 8 —160 —199 | —129] 16 4 6 

578 | 24,1] —21,6 8 —165 —203 | —132] 19 5 6 

516 | 26,5] —22,9 10 —187 ~—-232 | —155 | 21 5 8 

4335] 47,8] —46,4 17 —332 —A15 | —348/} 30 10 46 

4U5 | 58,2] —-56,8 18 —412 —513 | —498] 29 12 79 

365 | 77,8) —78 23 —601 —698 | —943 | 26 19 208 

334 1103 —106 35 —982 —925 | —111] 21 33 745 

3413 153 —125 40 —990 —1165 | —75)} 21 43 —150 

203 1153 —473 —1355 49 56 —b667 

297 «1153 —134 53 —212 —1450 46 —695 

289 1219 —140 63 —0 —1550 |_| --704 

280 232 —1630 
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and after acidification with a drop of concentrated HCl, we discovered phenomena different from those observed by 
Djerassi, In the case of both ketones after acidification not only did we not observe the disappearance of the ketonic 
anomaly, but on the contrary the magnitude of the rotation at the maximum Increased (see Fig. 2). The reason for 
this behavior on the part of isocedranone and {socedrenone still is not clear, 


The synthetic part of this work was carried out in the Institute of Chemical Sciences of the Academy of 
Sciences of the Kazakh SSR, 


The measurements of the rotatory dispersion were carried out in the department of organic chemistry of M, V. 
Lomonosov Moscow State University with the aid of a photolelectric spectropolarimeter [10] in tubes with a length of 
0.5 to 4.dm. In view of the slight absorption of the compounds under investigation in the ultraviolet there were no 
difficulties in measurement. The results of the measurements are given in the table, 


At present we are continuing our investigation of the rotatory disperson of compounds of the cedrane series, 
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RADIATION METHOD FOR THE SYNTHESIS OF NEW 
DERIVATIVES OF HETEROCYCLIC COMPOUNDS 


S. A. Safarov, M, A. Proskurnin, and B, F, Bogatikov 


(Presented by Academician S, S, Medvedev, May 29, 1961) 

L. Ya. Karpov Physicochemical Institute 

Translated from Doklady Akaderm{f Nauk, SSSR, Vol, 140, No, 6, 
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Original article submitted May 18, 1961 


Among the methods for the synthesis of heterocyclic compounds, in particular of the thiophene, furan, and 
similar series, there are no data on the existence cf a method consisting of the preparation of substances which are 
dimerized with simultancous hydrogenation of the heteronucleus in one portion and oxidation to a hydroxyhetero- 
cycle in the other portion, Great prospects are opened up in this direction by the use of fonizing radiation for the radio- 
chemical synthesis of organic compounds in aqueous solutions, in particular heterocyclic compounds, It is known (1) 
that when water fs exposed to fonizing rad{ations, the OH and H radicals that are formed, and also the excited molec- 
ules of water are capable of entering into oxidizing -reducing reactions with contam{nants~dissolved materials, The 
nature of the contaminants, however, and of the products formed, theie concentration, and also different conditions 
may influence the occurrence of one or another process. 


For our investigations we selected the systems thiophene~water and furan—water in the ratio 1 : 1000. The 
exposure was carricd out in closed glass ampoules with y -radiation from Co” with a dosage of 8 to 648 r/sec, The 
water (pH 5-7) which was used for the irradiation was treated by blowing purified nitrogen through it for an hour. 
The experiments were carried out at room temperature. 


In the thiophene —water series of experiments the insoluble product formed after frradiation, which was a white, 
stable suspension, was coagulated by sodium chloride and after being centrifuged was dried In vacuum and weighed. 
The yield of precipitate was 1 mole/100 ev at a dosage of 648 r/sec. Along with the accumulation of the precipitate 
in accordance with OA (Fig, 1), there was a simultaneous accumulation of a slight amount of thienol [2], thea with 
an increase in the dosage this amount decreased, which indicates the participation of the thienol molecule in the 
process of formation of the precipitate, The precipitate was almost insoluble in nonpolar solvents, but dissolved 
well in alkaline solutions, in cyclohexanol, in cyclohexanone, and partially in alcohols, The dried precipitate was 
oxidized by a boiling solution of KMnO,, Upon combining an alkaline solution of the precipitate with p-nitroaniline 
a yellow coloration was produced, which is characteristic of hydroxy compounds, - ; 


In Fig. 2a the UV absorption spectra of the precipitate in 5% NaOH are shown. The known (3) UV spectra of 
substituted 3,3°-dithienylsare also given there for comparison, The gas analysis which was carried out showed that 
the amount of gas (hydrogen) evolved with a dosage of 8r/sec increased with an increase in pH of the solution, At 
pH 0.4 Gi, = 0,3 mole/100 ev (Fig. 3, 1), When Fe** (107 M, pH 0.4) was introduced into the system, the yield 
of hydrogen® increased to 1.2-1.3 mole/100 ev (Curve 3), 


In the IR spectra of the precipitate® ® there were distinctly visible absorption bands of the thiophene ring at 
700 and 1235 cm~!, of the thiophane —CH, (2860 [4], of the OH group (3250 cm~), of the -C-O- in 
the system —C—OH, and weak bands at 3000 cm~! (aromatic CH) and 1440 cm™! (aliphatic CH) [5}. The melting 
point of the precipitate was 130 4 3°C, and the molecular weight was 186 4 4, 


The experimental data permit us to assume the following mechanism for the process: first there occurs the 
addition of the H and OH radicals to molecules of thiophene 


* The analysis for hydrogen was carried out by B, F, Bogatikov. 
* * The IR spectrum was kindly determined by N, A. Slovokhotova in the A. V, Zimin Institute. 
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Collision of the radicals formed with one another leads to the appearance of a _—— product with an 


added hydroxy 


GH;S + GH,OHS SGH, — GH OHS 
(2-hydro-2°-hydroxy-3,3"-dithienyl) 


ev/Liter 


Fig. 3. Yield of hydrogen vs. coupes 1) pH 0.4; 
2) pH 9; 3) in the presence of 107M Fe**, 


Fig. 4. Broad line nuclear magnetic resonance spec- 


tum. 


Qs 
Q2 


2020 

Fig. 2. UV spectra: a— Irad{ation products: a- thiophene 

in 5% NaOH, b — furan in water; c, d — in ethyl alcohol: 

c — 2,2°,4,4" -tetranitro-5,5° d — 

2,2°,5,5' -tetramethyl-4,4° -dicarboxy -3,3° -dithfenyl, 


This mechan{ism also {s confirmed by the fact that 
when there {s an acceptor for even one of the radicals (tetra- 
lin, glycerol, O,) formation of a 
precipitate is not observed, f.e., the above mechanism fs 
suppressed. 


The results” of a microanalysis were as follows: 


Found %: C 51.57; H 5.37: S 33.94; O 9,12. Calcu- 
lated %: C 51.58; H 5.4; S 34.4; 0 8.58. 


The broad line nuclear magnetic resonance spectrum 
(Fig. 4) of 2-hydro-2" -hydroxy-3,3" -dithienyl was dtermined, 


The UV spectrum of the product from the furan—water 
series of experiments {s shown in Fig. 2b. Some other experi- 
ments that were carried out made it possible to propose a 
similar mechanism for this case. 
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2, S.A, Safarov, A, 1, Chemova, and M. A. Proskurnin, DAN, 136, 2, 391 (1961), 
3.  G,N, Jean and F, F, Nord, J, Org. Chem, 20, 1370 (1955), 
4. L, Mejsel et al., J, Am. Chem, Soc. 72, 1910 (1950), 
5. _N. A. Slovokhotova and V, L, Karpov, ¢ Coll, Works on Radiation Chemistry [in Russian] (AN SSSR, 1955). 
6. M,O, Korshun and N, E, Gel'man, New Methods of Elementary Analysis [in Russian] (Moscow, 1949), 


* The microanalysis of the precipitate was carried out under the direction of A. V. Zimin. 
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THERMAL STABILITY AND INITIATING ACTIVITY OF DIACYL 
PEROXIDES OF PARAFFINIC AND PHENYLCARBOXYLIC ACIDS 


A. I. Yurzhenko, S. Ivanchev, and V. I. Galibel 


(Presented by Academician B, A, Kazanskii, May 19, 1961) 

I, I, Mechnikov Odessa State University 

Translated from Doklady Akademii Nauk, SSSR, Vol. 140, No, 6, 
pp. 1348-1351, October, 1961 

Original article submitted May 10, 1961 


Diacyl peroxides recently have found wide use as initiators of various chain processes. In particular, benzoyl 
peroxide has been widely studied in many respects as an initiator of the polymerization of styrene (1, 2}, In the 
Iterature there are data on some other diacyl peroxides (3, 4}, There has been no systematic study, however, of the 
initiating activity of such peroxides in connection with the structure of the acyl radical or the position of the per- 
oxide in a homologous series, In particular, there has not been any determination of the change in initiating activity 
of these peroxides with the lengthening of the organic radical of their molecule in the polymerization of even the 
widely studied monomers like styrene. In connection with this it was of interest to study the relationship of the 
initiating activity of a series of diacyl peroxides of paraffinic acids with respect to the length of their organic radical, 
and also of phenylcarboxylic acids with respect to the number of methylene groups between the phenyl nucleus and 
ther peroxide group. Such an favestigation was important in connection with the recent spread of the suspension meth- 
od of polymerization, where the use of oil-soluble diacyl peroxides {s very promising. 


We synthesized, by a method similar to that described in (5}, the following peroxides of phenylcarboxylic acids: 
phenylacetic (PPAA), hydroxycinnamic (PHCA), phenylbutytic (PPBA), benzoic (BB, for comparison); and of the paraf- 
finic acids: butyric (PBA), valeric (PVA), caproic (PCAA, enanthic (PEA), caprylic (PCLA), pelargonic (PPA), capric 
(PCA), lauric (PLA), palmitic (PPaA), and stearic (PSA), The purity of the principal product in the peroxides studied 
was not less than 96% (with the exception of PPBA, the purity of which was 78%). 


The rate of polymerization of styrene in mass and of the suspension polymerization of styrene was studied, and 
also that of the polymerization of methyl methacrylate in mass, and the molecular weights of the polymers produced 
were determined. The amount of undecomposcd peroxide was determined {olometrically by the method of Kokatnur 
and Jelling [6]. The kinetics of the polymerization in mass and of the suspension polymerization in the case of styrene 
proved to be identical, and therefore the data obtained in the polymerization in mass are given below. 


On the basis of a study of the rate of thermal decomposition of the peroxides that have been mentioned in 
ethylbenzene at different temperatures, the rate constants for the decomposition and the values of the energy of ac- 
tivation of the decomposition reaction have been calculated and are given in the table, 


As {s seen from the data of the table, the thermal stability of the peroxides of the paraffinic series changes but 
little with the lengthening of their hydrocarbon radical, But in the phenylcarboxylic peroxide series a large difference 
is obsezved in the thermal stability. The most stable of them is PB, The next representative in the series, PPAA, has 
the least thermal stability: PPAA decomposes with noticeable rapidity even at low temperatures, which creates 
- definite difficulties in its investigation, Further in the series an increase in the stability of the peroxides {s observed. 

_ Thus, PPBA is close in stability to the peroxides of the paraffinic series, which is in full agreement with its structure; 
the effect of the phenyl radical on the peroxide group is considerably weakened because of its distance, 


It is very interesting to compate the data obtained on the thermal stability of the peroxides investigated with 
the kinetics of the polymerization initiated by them, The rate of polymerization of methyl methacrylate initiated 
by some of the peroxides mentioned versus their concentration is shown in Fig, 1, The greatest rates of polymeriza- 
tion were observed for PHCA, which had the lowest thermal stability, Furthermore, the rate of polymerization de- 
creased in the same order as the rate of decomposition of the peroxides, 
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Rate Constants of Decomposition and Energies of Activation of the pia mr Reaction of the 
Peroxides Investigated 


at K+10 at E, 


73.5° 85.0°C cal/mole 13.5° 85.0°C cal/mole 


1,19 4.44 31.2 : 4.6 17.1 30.7 
2.8 (0°C) |36.0 (25°C) | 22.0 4.3 18,7 29,9 
5.0 20.3 30.1 4.1 19,3 29.1 
3.0 14.8 31.0 4.6 19.0 30.1 
4.1 16.7 30.1 4.6 19,0 30.1 
4.1 16.5 30.0 4.7 19.7 30.0 
41 17.4 30.7 4.6 18,9 29.9 


Qce Qa 
Cin 


Fig. 1. Relation of rate of polymerization Fig. 2. Relation of characteristic vis- 
of methyl methacrylate to nature and con- cosity of polymers of methyl methacrylate 
centration of initiators: 1) Peroxide of hy- to concentration and nature of initfators 
drocinnamic acid; 2) peroxides of caproic of polymerization: 1) Benzoyl peroxide; 
_and caprylic acid; 3) peroxide of phenyl- 2) peroxide of phenylbutyric acid; 3) 
butyric acid; 4) benzoyl peroxide. Tem- peroxides of caproic and caprylic acids; 
perature of polymerization 60°, 4) peroxide of hydrocinnamic acid, Tem- 
perature of polymerization 60°, 


The change in molecular weight of the polymers formed in relation to the concentration of the peroxide in the 
methyl methacrylate is shown in Fig. 2. As would be expected, the rate of polymerization increased and the mole- 
cular weights of the polymers produced decreased with an increase in the rate of generation of free radicals, which fs 
determined by the rate of thermal decomposition of the peroxides, In connection with the similarity in the structure 
of the radicals, their activity in all probability is the same, 


The kinetic picture of the polymerization of methyl methacrylate initiated by the peroxide compounds studied 
agrees fully with the basic rules of the kinetics of polymerization: 


V = M P = 


where V is the rate of polymerization, [M) is the concentration of monome, [P] is the concentration of the initiator, 
kg, kj, and kip are the reaction constants respectively of growth, interruption, and initiation, and P {s the average 
length of the polymer chains (when recombination of the radicals {s interrupted). 


PB 
PPAA 
PHCA 
PPBA 
PBA 
PVA 
PCAA 
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A somewhat mere complex picture is observed when the polymerization of styrene {s initiated. As is seen from 
Fig. 3, the rate of polymerization does not change in a manner similar to the change in thermal stability of the per- 
oxides, Thus, for example, in spite of the great thermal stability of the paraffinic peroxides in comparison with that 


%fhour 


J0 


20 


> 
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Fig. 3, Rate of polymerization of styrene Fig. 4. Relation of characteristic viscosity 
initiated by different diacyl peroxides vs. of polystyrenes obtained in the presence of 
their concentration in the system: 1) Per- different concentations of diacyl peroxides: 
oxide of enanthic acid; 2) peroxides of 1) Peroxides of paraffinic acids; 2) per- 
valeric and caproic acid; 3) peroxide of oxide of hydrocinnamic acid; 3) peroxide 
caprylic acid; 4) peroxide of pelargonic of phenylbutyric acid; 4) benzoyl peroxide. 
acid; 5) peroxide of stearic acid; 6) per- Temperature of polymerization 73,5°, 
oxide of palmitic acid; 7) peroxide of 
lauric acid; 8) peroxide of hydrocinnamtic | 
acid; 9) peroxide of phenylbutyric acid; 
10) benzoyl peroxide, Temperature of 
polymerization 73.5°, 


of PHCA, the rate of polymerization for the latter Is lower. 
Secondly, in spite of the practical constancy of the rate of 
decomposition of the peroxides of the paraffinic serics, the — 
tate of polymerization initiated by them Is not the same, 
vhe lack of agreement {s still more apparent when we con- 
sider the molecular weights of the polymers obtained, which are given in Fig. 4. In spite of the fact that the lowest 
rate of polymerization is observed for the initiation by BB, the molecular weights of the polymers also are the lowest. 
Along with the increase in rate of the process on going to PHCA, an increase is observed in the molecular weights of 
the polymers. Finally, the greatest rate of polymerization is observed with the paraffinic peroxides, and the molec- 
ular weights of the polymers obtained with them have the maximum value. Thus, in this case we do not observe 

a symbatic relationship between the rate of polymerization and the rate of thermal decomposition of the peroxides, 


The data obtained do not conform to the general rules for the kinetics of polymerization presented above. To 
explain this we suggest that in spite of the fact that the free radicals produced by the decomposition of the peroxides 
have the same general character, the rate of interruption of the polymer chains during the polymerization may vary. 
The change in concentration of the free radicals in a fixed process is defined by the foliowing relationship: 


OR. Rol IT] — ka — ks (ZMaR] Ro— ke 


where Rg represents primary radicals, (P} is the concentration of peroxide, MpR are the polymer radicals, kg, ke, Kg» Kg 
are the constants of the respective reactions. Interruption of the chains, thus, may occur when the primary radicals 
react with the polymers, witich affects the molecular weight of the polymers, and when the polymeric radicals react 
with one another, In the case of PB we assume interruption by the primary radicals with the polymeric ones, which 
is accompanied by low rates of polymerization and the lowest molecular weights of the polymers, In the case of the 
paraffinic peroxides interruption may proceed as a result of the reaction of polymeric radicals among themselves, 
which is accompanied by higher rates and larger molecular weights of the polymers, 
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In spite of the high rates of decomposition of PPAA, it proved to have Uttle activity in the polymerization of 
styrene, which indicates, along with the low energy of activation of the decempeaition, anodier mechanism of ther- 
mal decomposition of the peroxide, 2 


Thus, the thermal stability of homologous serles of peroxides of paraffinic and phenylcarboxylic acids was in- 
vestigated, It was shown that in the series of peroxides of phenylcarboxylic acids the introduction of a Cl group 
between the peroxide group and the pheny] radical sharply changes the thermal stability, while in the paraffinic series 
the stability is practically constant. The polymerization of methyl methacrylate initiated by the peroxides men- 
thoned was studied, It was shown that the kinetic picture of the process changes symbatically with the rate of thermal 
decomposition of the peroxides, The polymerization of styrene initiated by the peroxides under investigation was 
studied, The nature of the kinetics of the process {n this case was not symbatic with the rate of thermal decomposi- 
tion of the initiators. The peroxides of the paraffinic serics have considerably better initiating propertics in the poly- 
merization of styrene than does the widely used PB, 
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cover English translations appears at the back of this issue. 
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OXIDATION, REDUCTION, AND DISPROPORTIONATION 
REACTIONS OF POLYFLUORONITROSOALKANES 


A. Ya. Yakubovich, V. A. Ginsburg, S, P, Makarov, 
V. A. Shpanskil, N. F, Privezentseva, L, L, Martynova, 
B, V. Kir'yan, and A, L, Lemke 


(Presented by Academicians I, L, Knunyanets and M, I. Kabachnik, 
June 1, 1961), 

Translated from Doklady Akademii Nauk, SSSR, Vol, 140, No, 6, 
pp. 1352-1355, October, 1961 

Original article submitted May 11, 1961 


While the chemistry of the aromatic nitroso compounds has been investigated in considerable detail, there has 
been little study of the nitrosoalkanes as yet, although in recent years a number of communications have appeared 
which have been devoted to methods of synthesis and to the investigation of some properties of the polyfluoronitroso- 
alkanes [1-4], The methods of synthesis of polyfuoronitrosoalkanes which start from the polyfluoroolefins and oxides 
of nitrogen or nitric oxide and halides in UV light [5, 6] are the most practicable and have permitted us to prepare 
various nitroso compounds with functional groups in quantities sufficient for detailed investigation, 


The results of an investigation of the polyfluorinated nitrosoalkanes prepared by us with respect to oxidizing 
and reducing agents are presented below, The indicated conversions have been studied also in the example of the 
simplest polyfuoronitrosoalkane, trifluoronitrosomethane, 


Having clearly expressed electrophilic properties, the polyfluorinated aliphatic nitroso compounds proved to be 
rather resistant to the action of oxidizing agents of an acid nature (nitric, permanganic, and chromic acids, halides), 
At 150-200° hopcalite oxidizes the nitroso compounds to the corresponding polyfluoronitroalkanes: 


MnO, 
—-+ R,NOy. 


In aqueous alkaline media trifluoronitrosomethane {fs slowly converted to trifluoronitromethane and hexafluoroazoxy- 
methane; 


3NO CF ;NO; CF; (O) CF;. 


The action of aqueous solutions of alkali on trifluoronitrosomethane was first described by Ruff and Giese, who er- 
roneously considered that trifluoronitrosomethane is {somerized in this process to difuorocarbamoyl fluoride (7}, 
Practically, the compounds mentioned are formed not in molar ratio, as is represented in the diagram, but with a 
predominance of the nitro product. Thus, at room temperature with 10% aqueous NaOH solution the molar ratio of 
CF3N,(O)CF;/CF,NO, produced was about 0.6, In the presence of oxidizing agents the yield of trifluoronitromethane 
increases, and when a 10% aqueous solution of sodium hypochlorite was used, trifluoronitromethane was formed in 
more than 90% yield based on the tifluoronitrosomethane. On the other hand, addition of reducing agents to the 
alkaline solution changes the ratio of azoxy and nitro derivatives formed in the direction of an increase in the yield 
of hexafluoroazoxymethane. Thus, in 10% aqueous sodium hydroxide solution containing 10-12% of sodium hypo- 
phosphite the conversion of trifluoronitrosomethane to hexafluoroazoxymethane amounted to 90°, 


Haszeldine, considering the disproportionation of trifluoronitrosomethane under the influence of aqueous alkali 
solutions, suggested that trifluoromethy lhydroxylamine is formed as an intermediate in this process (8}, This me- 


chanism {s not convincing, since tifluoromethylhydroxylamine is completely mineralized in alkaline solutions (see 
below). 


Oxidizing -reducing disproportionation of triflucronitrosomethane can be represented, for example, by the fol- 
lowing diagram: : 


CF,N*+) OH) 


OH 
CF3NO; + — OH] 


— OH +  CF,N (OH) — 


~ CF N= cr, +OH"™, 


This scheme agrees with the behavior of trifluoronitrosomethane with nucleophilic reagents in nonaqueous media, 
Thus, this nitroso compound easily combines with triethyl phosphite or timethylamine, forming at low temperatures 
in ether (- 70°) complexes of 1 : 1 composition (in moles), which give off hexafluoroazoxymethane under the in- 
fluence of an excess of trifluoronitrosomethane: 


CF,NQ 
CF3;NO + p (OC,Hs)3 = CF;N; (O) CFs + OP (OC,Hs)s, 
t P(OC Hide 


cr, 
+ = CF3Nz (0) CFs + [(CHs)s NH] -+ CH,O. 
N(CH) 


These conversions recall the well known reaction of phosphinomethylenes and phosphinimides with oxidizing agents. 
In fact, trifluoronitrosomethane upon reaction with these compounds forms the corresponding polyfluoroazo compounds: 


P = NR + CFyNO P = O-+ CF3N = NR, 


where R = CHy, C,Hg (see table, Nos, 11, 12), 
In aqueous alkaline solutions the poly fluoronitrosoalkanes break down in a somewhat different way: 


Nou 


In reducing reactions under the Influence of hydrides of sulfur or phosphorus, and also of hydrogen fodide in ether or 

methanol medium, tifluoronitrosomethane behaves similarly to the other nitroso compounds, Thus, when acted on 

by hydrogen fodide in ether trifluoronitrosomethane smoothly forms N-tifluoromethy hydroxylamine, which {s com- 
paratively stable in the form of the etherate: 


(C,H,),0 
CF,NO -+- 2HI 


In the case of the use of hydrogen sulfide or phosphine in ether medium as the reducing agent, it is possible to 
{solate the primary reaction product~an unstable adduct of the hydride and the nitroso compound which breaks down 
in an excess of reducing agent according to the following mechanism: 


CF,NO GH,SH CFN{OH) SGH, CF,NHOH + 
The reduction of a-n-polyfluoronitrosoethane, CICF,CFHNO, proceeds in a similar way, 


As has been indicated previously [5, 6], in the case of «,a-dfhalogenated nitroso compounds, R¢CX,NO (where 
X = F, Cl) the hydroxylamine derivatives formed are unstable and on breaking down are converted to fluoroanhydrides 
of the corresponding hydroxamic acids; 
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HI 
R,CX:NO -+ [R\CX;NHOH] —-+ = NOH. 


N-Trifluoromethy hydroxylamine {s one of the little known compounds containing the CF,NH group. This com- _ 
pound {s thermally unstable and is broken down to form smail yields of trifluoronitrosomethane and hydroxylamine 
hydrofluoride, Diazomethane methylates N-trifluoromethylhydroxylamine with the formation of N-trifluoromethyl- 
N,O-dimethylhydroxylamine, Phenyl {socyanate also forms the corresponding derivative (table, nos. 9, 10), 


An interesting reaction is that of trifluoromethylhydroxylamine with nitroso compounds, which leads to the 
previously little known polyflucrinated azoxy compounds: 


R,NO + CFsNHOH R,Nz (O) CFs + 


In addition to the main direction of this reaction which has been shown, oxidizing-reducing disproportionation is ob- 
served, which leads to the formation of trifluoronitrosoinethane and fluoroanhydrides of the appropriate hydroxamic 
acids: 


R,CF,NO + CF,;NHOH -+ [R,CF;NHOH] = NOH. 


When the polyfluorinated nitroso compounds react with N-alky!-(aryl)-hydroxylamines which do not contain 
fluorine, the corresponding polyfuoroazoxy compounds are formed in a similar manner: 


+ RNHOH -+ RIN == NR. 


Investigation of the structure of the compounds obtained, by IR and mass spectroscopic methods, has shown that 
splitting out of the elements of water from the primary product of reaction of the nitroso compound and hydroxyl- 
amine proceeds according to the following mechanism: 


RIN—NR R,N= NR, 
which {illustrates the great ease 5f breaking away a proton from the hydroxyl next to the electrophilic Rg group. The 
constants of the compounds which have been synthesized for the first Ume are shown in the table, 
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Acad, Sci. USSR Press 


Scientific Research inst. of Sound Recording 
Sci. Inst. of Modern Motion Picture Photography 
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VOLUME I 


VACUUM MIGROBALANC 


E TECHNIQUE 
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Proceedings of the 1960 Conference Sponsored by 


The Institute for Exptoratery Research 


U. S. Army Signa! Research and Development Laboratory 


Edited by 
M. J. KATZ 


U.S. Army Signal Research and Development Laboratory 


Fort Monmouth, New Jersey 


Introduction by 
Thor N. Rhodin 


Cornel! University 


The proceedings of this conference provide 
an authoritative introduction to the rapidly 
widening scope of microbalance methods 
which is not available elsewhere in a single 
publication, 


‘The usefulness of microbalance techniques in 
the study of the properties of materials lies 
in their extreme sensitivity and versatility. 
This renders them particularly important in 
studies of pzoverties of condensed systems. 
In addition to the uiztorical use of microbal- 
ance techniques as a tool of microchemistry, 
they have, in recent years, found extensive ap- 
plication in the fields of metaliurgy, physics, 
and chemistry. The uniqueness of the method 
results from the facility it provides in making 
a series of precise measurements of high sen- 
sitivity under carefully controlled conditions 
over a wide range of temperature and 
pressure, 


This significant new volume contains papers 
in three major categories. The first group of 
reports deals with the general structural 
features and measuring capabilities of micro- 
balances. In the second group, a sophisti- 
cated consideration and much needed evalua 
tion of sources of spurious mass changes 
associated with microbalances is presented. 
The third group describes seme of the most 
recent extensions in microbalance work to 
new research areas such as semiconductors, 
ultra-high vacuum, and high temperatures. 
These papers provide an interesting account 
of advances in the application of the micro- 
gravimetric method to three new and impor- 
tant fields of research on the behavior of 
materials. 


170 pages 


pLeNuM PRESS, INC. 227 west St., New York 11, N. ¥. 
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THE METALLURGY OF SEMICONDUCTORS 
by Yu. M. Shashkov 


Translated from Russian 


(Original published by the State Scientifie-Technical Press for Literature on 
Ferrous and Non-Ferrous Metallurgy, Moscow) 


In this up-to-date survey of semiconductor metallurgy, the two main semiconductor 
materials — germanium and silicon — and their physical and chemical properties are 
discussed. A detailed review of chemical methods of purifying these elements is fol- 
lowed by a description of metallurgical methods of purification. Partition coefficients 
are given for many impurities and apparatus used in purification is surveyed. 


Methods of growing single crystals are treated in an excellent chapter, with the method 
related to the type of defect to be expected in the finished crystal. Of particular interest 
is a discussion of alloying and doping. 


The last section of the volume deals with heat treatment and diffusion of impurities, 


production of rectifiers and transistors, and methods of etching crystals and finished 
devices. 


Technologists concerned with industrial processes of established vali, as well as grad- 
uate students, will find this book of great value. The 293 references provide a good selec- 
tive guide to the existing literature on the subject. 


PARTIAL CONTENTS 


Physicochemical, Electrical, and Optical Prop- 
erties of Germanium and Silicon 

Physicochemical Properties of Germanium and 
Silicon 

Electrical Properties of Germanium and Silicon 

Optical Properties of Germanium and Silicon 

Chemicai Methods of Purifying Germanium and 
Silicon 

Production of Pure Germanium 

Production of Pure Silicon 

Acid Washing of Silicon 

Reduction of Silicon Tetracisloride with Zine 
(Beketov’s Method) 

lodide Method of Producing Silicon 

Silane Method of Producing Silicon 

Trichlorosilane Method of Producing Silicon 

Reduction of Silicon Tetrachloride with Hy- 
drogen 

Other Methods of Producing High-Purity Silicon 


Metallurgical Methods of Purifying Germanium 
and Silicon 

Zone Melting, Pulling, and Controlled Crystal- 
lization 

Theory of Distribution of Impurities in Zone 
Melting, Pulling, and Controlled Crystal- 
lization 

Distribution of Impurities in Zone Melting and 
Controlled Crystallization 

Distribution of Impurities in Pulling and Con- 
trolled Crystallization 

Distribution of impurities in Zone Melting 

Evaporation of impurities During Fusion and 
Pulling Under Vacuum 

The Partition Coefficient 

Apparatus Used in Metallurgical Methods of 
Purifying Germanium and Silicon 

Practical Details of Metallurgical Methods of 
Purifying Germanium and Silicon 


208 pages 


$9.50 


ENTERPRISES, INC. 


CONSULTANTS BUREAU 


227 W. 17 ST.,. NEW YORK 11, N. ¥. 
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